fwNSATech Briefs 


Official Publication of the Transferring Engineering 

National Aeronautics and Technology to Over 200,000 

Space Administration Qualified Readers Throughout 



Mathematica 


THE DEFINITIVE SYSTEM FOR 

Technical Computation 


"Not merely a product but a revolution ~ 

— Macworld 

" The importance of the program cannot 
be overlooked" 

— New York Times 


Basic function: Integrated environment for 
numerical, symbolic, graphical computation, 
interactive programming. 

Users: Scientists, engineers, mathematicians, 
programmers, financial analysts, students. 
Over 150,000 worldwide. Includes all 50 
largest U.S. universities. 

Numerical computation: Arbitrary-preci- 
sion arithmetic, complex numbers, special 
functions (hypergeometric, elliptic, etc.), com- 
binatorial and integer functions. Matrix opera- 
tions, root finding, function fitting Fourier 
transforms, numerical integration, numerical 
solution of differential equations, function 
minimization, linear programming. 
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Symbolic computation: Equation solving 
symbolic integration, differentiation, power 
series, limits. Algebraic operations, polynomial 
expansion, factorization, simplification. Oper- 
ations on matrices, tensors, lists, strings. 
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Graphics and sound: 2D, 3D plots of func- 
tions, data, geometrical objects. Contour, 
density plots. 3D rendering with intersecting 
surfaces, lighting models, symbolic descrip- 
tions. Color PostScript output, combining and 
labeling publication quality graphics, anima- 
tion (most versions). Sound from waveforms 
and data (most versions). 

Programming High-level, interactive, symbol- 
ic language. Procedural and functional program- 



ming constructs. Transformation rules and pat- 
tern matching Fully comp a tible on all platforms. 
No built-in limitations on compulation size. 
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External interface: Input of data (numbers, 
records, text) from files, programs. Output in 
TeX. C, Fortran. PostScript. Calling of external 
programs and functions. General MathLink ® 
interprocess communication mechanism. 

User interface: Electronic book interactive 
documents mixing text, graphics, animations, 
calculations. Graphics, animation, sound in- 
terapplication compatibility. Style sheets, hi- 
erarchical outlining. Computation kernel can 
run on remote computer (most versions). 

Additional material: Journal, newsletters, 
more than 30 books. Add-on packages, free 
MathSource " electronic resource. 

Versions: Macintosh • Microsoft Windows 

• MS-DOS • NEC PC • DEC RISC. VAX • HP 

• IBM RISC • MIPS • NeXT • SGI • Sony • 
SPARC. Sun-3 • CONVEX and others • Net- 
work licensing available. Student versions. 
Now shipping Version 2.1. 

For the latest information call Wolfram Research at: 

1-800-441 -MATH 



Wolfram Research 

Wolfram Research. Inc. 

100 Trade Center Drive. Champaign. IL 61820-7237. USA 
♦1 *217-396^700. fax +1-21 7-396-0747. email mfo@wri.com 

Wolfram Research Europe Ltd. 

Evenlode Court. Mam Road. Long Hanborough. Oxon 0X8 21A UK 
+44T0893-883400 fax +44-(0|993-683800. email mfo-euro@wn com 

Representatives m over 30 countries, contact mam office 
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Powerful plotting features 
and a surprisingly low price 
make TECPLOT the best 
value in engineering data 
visualization software. TECPLOT can satisfy your data visuali- 
zation needs without costing you a bundle of money. 

Over eight years ago, Amtec engineers started developing 
TECPLOT for their own use. Then our clients found out about 
it and wanted to use it, too. So, we made it available to 
everyone. Now you, too, can have affordable data visualization 
software that is developed by engineers for engineers. You will 
also find our technical support second to none. 


• very large data sets • over 
2000 variables per data 
point • multiple data sets 

• overlay plots • up to 16 
plots per page • fast and easy to use • data manipulation 

• interpolation and triangularization of random data • arbitrary 
quadrilateral and triangular meshes • macros • stylesheets 

• batch mode • numerous fonts • Greek/math symbols • out- 
put PostScript, EPS, HPGL, and raster formats • very flexible 

• 90 days unlimited technical support • educational discounts 

• 60-day money-back guarantee • PC prices start at $649 • 
Unix and VMS workstation prices start at $ 1695 • CALL FOR A 
FREE DEMO. 
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Powerful Plotting for Engineers 
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Great Plots and Great Prices! 


I'F.ATl IRES: integrated XY, 2D, and 3D plotting • contour lines 

• color-flooded contours • scatter plots • general parametric 3D 
surfaces • vector fields • streamlines • light-source shading 

• wire frames • interactive • menu driven • text/ drawing tools 


1 - 800 - 676-7568 


Amtec Engineering, Inc. 

P.O. Box 3633, Bellevue, WA 98009 • 206-827-3304 • Fax: 206-827-3989 

TECPLOT is a trademark of Amtec Engineering, Inc., HPGL is a trademark of Hewlett-Packard Corp., and PostScript is a trademark of Adobe Systems Inc. 
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ZOOM, 

That 


WITH A MEW! 

That’s right! Our new RD-125T/135T Series dual speed 
DAT data recorders offer double the bandwidth of 
conventional, single speed DAT recorders - 4 channels 
at 20 kHz or 8 channels at 10 kHz. Plus, we’ve added a 
unique option, QuikViT, powerful new data acquisition 
software that lets you set triggers, preview information 
and review data as you’re recording. 

There’s more. Each model is multi-channel switchable. 
We simplified the controls for easy set-up and opera- 
tion. Put it into a compact, lightweight package. Then 
loaded it with useful features like a signal-to-noise ratio 
exceeding 70db and an analog filter with built-in anti- 
aliasing and 64 fs oversampling of the digitized signal. 

And because our RD-125T/135T operate on either AC 
or DC power (or optional battery pack), they’re ideal 
for gathering data ... in the lab or in the field. 

So, whether you need single or dual speed recording 
TEAC’s RD125T/135T DAT data recorders give you 
the right combination. 

For high-resolution, versatility and quality in DAT 
recorder technology, zero in on TEAC. 


TEAC, 

INFORMATION PRODUCTS DIVISION 

7733 Telegraph Road, Montebello, CA 90640 
West 213-726-0303 Ext. 461 East 508-683-8322 
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The Software Is the Instrument 
. . .You Choose the Computer 


■ i'/.'fj LabVIEW for Windows 

(Ml LabVIEW for Sun 

LabVIEW for Macintosh 
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GPIB • Data Acquisition • VXI • RS-232 • Instrument Drivers 


ANALYSIS 
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DSP • Statistics • Linear Algebra • Filters • Windows 

PRESENTATION 




I B at 


Graphical User Interface • Hardcopy • File I/O 


C and BASIC Programming Graphical Programming 





Call for FREE demo disks 

(800) 433-3488 (US. and Canada) 

95 (800) 010 0793 (Mexico) 


Branch Offices: Australia 03 879 9422 • Belgium 02 757 00 20 • Canada 519 622 9310 
Denmark 45 76 73 22 • Finland 90 527 2321 • France 1 48 65 33 70 • Germany 089 7 14 50 
93 Italy 02 48301892 • Japan 03 3788 1921 • Netherlands 01720 45761 • Norway 03 846866 
Spain 91 896 0675 • Sweden 08 984970 • Switzerland 056 27 00 20 • U.K. 0635 523545 
©Copyright 1993 National Instruments Corporation. All rights reserved. Product and 
company names listed are trademarks or trade names of their respective companies. 


See us at the International Control Engineering Expo, booth 3341 See us at Pittcon. booth 4207 
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NATIONAL 

VI 


INSTRUMENTS 

The Software is the Instrument ® 

6504 Bridge Point Parkway 
Austin, TX 78730-5039 
Tel: (512) 794-0100 
Fax: (512) 794-8411 
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Jo Delay... see full traces on monitor while recording! 
’ersonal Chart Setups with on-board floppy drive 
)ata Capture... up to 32 megabytes in RAM; 

120 megabyte internal hard drive; stream to external 
Irive via SCSI 

I to 32 Waveform Channels. ..plus 64 events; DC to 
!0 kHz; chart speeds to 500 mm/sec 
.aser Printer Chart Resolution... 300 dpi; clear, 
irisp traces 

simply, the MT95K2 is another major Astro-Med 
ovation in “chart recording”: you can preview your 


data, record it, store it, play it back, send it to disk for 
analysis, record it again, and more! Whether you need 
basic 8 channel recorder or a sophisticated 32 channel 
recording system, the MT95K2 is the perfect platform 
for you today. 

Call, Fax, or write for details! 

Q j Astro-Med, Inc. 

Astro-Med Industrial Park, West Warwick, Rhode Island 02893 
Phone: (401) 828-4000 • Toll Free (800) 343-4039 
Fax (401) 822-2430 • Telex 710-382-6409 


Sales and Service Centers in London, Paris, Frankfurt and Milan 



We see your 
expectations of 

visualization and 
we raise them. 



C 
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Three views of the surface height of a penny show 
user customizable object-oriented graphics in 
MATLAB 4,0. Data courtesy of NIST. 


simulate models and see the results 


tion with the powerful computation 
of Matlab, and gain new insight into 
your most challenging problems. 

The MatbWorks 
introduces MATLAB 4.0 

Matlab 4.0 blends visualization 
techniques and numeric computa- 
tion into a seamless interactive envi- 
ronment that redefines how you can 
solve complex problems. You can 
analyze data numerically and visually, 



immediately, or explore ideas and 
test them interactively. 

More than meets the eye 

Matlab 4.0 provides engineers, 
scientists, and other technical pro- 
fessionals with an extensive library 
of built-in computational tools, com- 
bined with a powerful fourth-genera- 
tion language. 

As a result MATLAB offers the conve- 
nience of a pre-packaged application 
program and the extensibility' and 
flexibility of a high-level language. 
Much easier to use than Fortran or 
C, Matlab yields tremendous gains 
in productivity and creativity— for 
over 100,000 users woridwide. 

Spectrogram of Handel's Hallelujah Chorus, 
computed and displayed with MATLAB 4.0 and 
the Signal Processing Toolbox. 


MATLAB 4.0 

Picture the Power 


New feature highlights 

With our flexible new object-orient- 
ed Handle Graphics™ system, you 
can customize practically every 
attribute of your plots. New graph- 
ics capabilities include: 


Powerful, versatile toolboxes 

Application toolboxes, designed 
and written in MATLAB by world- 
class experts in their fields, provide 
specialized solutions. They’re based 
on MATLAB. and they combine pre- 
packaged functionality with an 
open systems approach that allows 
you to see the algorithms and to 
modify them to suit your needs. 


• 3-D shaded color surface graphs 

• 3-D contour plots 

• 3-D data trajectories 

• Image display 

• Light sources 

• Surface rendering 

• Animation 

Beyond the visual 

Other new features in Matlab 
4.0 include: 

• Over 1 00 new functions 

• Sound output 

• Graphical user interface (GUI) 
toolkit 

• Flexible file VO 

• Integrated debugging environment 

• Sparse matrix support 

• Ability to call Matub as a com- 
putation engine from C and 
Fortran programs 

• Enhanced on-line help 

• New, expanded documentation 

• Faster interpreter and graphics 



Frequency responses of a family of control 
systems, modeled, simulated and visualized in 
Matlab 4.0. 


SimuliskT 1 

Expanding the uses of Matlab 

Add Simuunk to Matlab 4.0 and 
you can perform dynamic system 
simulation of nonlinear models in a 
graphical, mouse-driven environment 


The comprehensive MATLAB tool- 
box family includes: 


Signal Processing 
Control System Design 
Robust-Control Design 
Mu-Analysis and Synthesis Design 
System Identification 
Neural Networks 
Nonlinear Optimization 
Spline Analysis 
Chemometric Analysis 



Rimumt turf act of the complex cube root 
function shorn the capability of MATLAB 4.0 
for mathematical visualization. 


Matlab 4.0 is available now for 


Sun SPARCstations, and will soon 
ship for other standard MATLAB 
platforms including: 386/486 PCs, 
Macintosh, HP/Apollo, 

DECstation, VAX/VMS, IBM, 


Silicon Graphics, Convex, & Cray. 

For more information, please 
call us at (508) 653-1415. 


The 


MATH 

WORK/ 


Inc. 


24 Prime Park Way/Nolick, MA 01760 
Tel: 508/653-1415 Fax:508/653-2997 


[moil info@mathworks.com 


France 


Germany: BausckGa* GmbH, +49-89-323-2625 


Israel 
Japan 
Scandinavia 
Switzerland 
U.K. 
U.K. 


Scientific Software. ♦ 33-1 45-3423-91 


Omikron Delta, ♦972-3-561-5151 
Cybernet Systems. ♦81-3-3982-4641 
Com sol Europe AB. +466-1 530-22 
ComsolAG. ♦41-31-961 70-1 1 
Cambridge Control. ♦44-223420-722 
Rapid Data Ltd.. ♦44-903202-819 
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Photo courtesy Langley Research Center 

TAWFIVE, a CFD modeling program developed at Langley 
Research Center, predicts transonic flow over the wing of an 
M6 ONERA aircraft. See the tech brief on page 73. 

71 Computer Programs 

71 Preprocessing Program for Finite- 
Element Analyses 

71 Program Computes Flows of Fluids and Heat 
73 Analyzing Transonic Row Over a Wing and 
Fuselage 

(Continued on page 8) 
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Gould’s newest recorder. 
With 48 megabytes, mm 




The new Gould TA5000 offers 
an unprecedented memory 
capacity that’s bound to make 
you smile. This is the only 
24-channel recorder with a 15" 
thermal array printhead and up 
to 48MB of on-board memory. 
Which means you can record 
over longer periods of time 
and increase your sample rate 
to 250kS/s on all channels. 

So you’re guaranteed the 
bandwidth you need for 
comprehensive analysis. 

And when we say the 
TA5000 has the flexibility to 
record what you want, how you 
want it, we’re hardly making 
idle chatter. Modular design 
allows for easy configuration or 
expansion for 8, 16 or 24 
channels. The widest selection 
of the most accurate signal 
conditioners are yours to 


choose from. 

And our single, 
thermal array printhead lets you 
position traces anywhere in full 
overlap or discrete channels - 
with no blank zones. 

In addition, Gould’s 
Micropulsing™ technology 
provides reliable operation and 
the resolution you need to see 
your signals clearly, at every 
frequency and chart speed. 

All this in a rugged, 
economical package backed 
by the largest sales and 
support organization in the 
recorder industry. It's the kind 
of value you can really sink your 
teeth into. Just remember, it's 
only from Gould. 

Call Gould today at 
(216) 328-7000 or, for immediate 
response, complete the coupon 
and FAX it to us today. 




NTB2/93 

Yes! □ Have a Gould Representative call me to arrange 
a demonstration 

□ Rush me a free TA5000 brochure 

(Please print, or affix business card ) 

Name: 

Title: 

Company: 

Street: 

City: State: Zip: 

Telephone: 

Send to: Gould Inc., Test and Measurement Group. 8333 Rockside 
Road, Valley View. Ohio 44125. Fax: (216) 3287400 


See us at Sensors West - Booth #407 
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The Mechanical Response Tissue Analyzer (MRTA), incorpo- 
rating technology pioneered at Ames Research Center, uses 
vibration to measure bending stiffness in the joints of astro- 
nauts, whose bone strength significantly changes with space 
travel. The MRTA, which has spinoff potential in the fitness 
and medical fields, is one of hundreds of innovative products 
displayed at the Technology 2002 conference in December. 
See our show report on page 14. 
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A low vision system developed with NASA's aid compensates 
for the specific limitations of a wearer's vision and also permits 
manipulation of magnification and focus to suit different tasks. 
The system offers help to those with chronic vision impair- 
ments, caused by conditions such as macular degeneration or 
diabetic retinopathy, that cannot be corrected with eyeglasses, 
medicine, or surgery. Turn to NASA ‘s Innovators, page 20. 

Photo courtesy Wilmer Eye Institute 
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SCIENCE SCOPE 


Corporations in Great Britain now will be able to transmit data via rooftop satellite dishes instead 
of using their current terrestrial-based telecommunications systems. It’s the result of British 
Telecom’s new satellite business network using Hughes Aircraft Company’s Very Small 
Aperture Terminal technology. The satellite service provides business customers with high-quality 
data circuits to potentially thousands of remote sites throughout the U.K. and Europe. Supported 
applications include database access and downloading, reservations, stock transactions, credit 
card verifications, electronic mail, data broadcast, and business television. 

To ensure the smooth flow of transportation on crowded freeways and highways . Hughes is 
incorporating many of its existing advanced technologies into an electronic toll road system. 
This system can perform active, simultaneous, multi-lane communications with vehicles through 
a single, above-the-road gantry, maintaining continuous, reliable toll collection and enforcement. 
Among its other communications applications, the Hughes system can also help reroute cars and 
give traffic advisories. The Hughes electronic toll road system sets the standard for advanced two- 
way vehicle-to-roadside communications systems. 

Inexpensive aluminum clips help trim nearly $200,000 from the cost of a satellite . The clips were 
designed and used by Hughes to hold major structural elements of the new HS 601 
communications satellites together. Previously, the satellites were bonded together, a time- 
consuming process because of the close tolerances involved and the approximately one week 
required for each bond to cure. With about 250 structural joints per satellite, the clips save nearly 
$200,000 in hands-on labor per spacecraft. Another benefit of the technique is the elimination of 
bond testing. Verifying the torque, a much faster process, is all that’s required with the new 
process. 

T V viewers in all parts of the country are getting more and more regional coverage , as networks 
are increasingly turning to satellites for maximum flexibility. Hughes has been a major player in 
Cable TV distribution, and now will enter into the broadcast network market by teaming with CBS. 
CBS will purchase 12 transponders on two new Hughes satellites. On a given Sunday 
afternoon, CBS supplies affiliates with as many as 16 different football game feeds. 
This enables viewers to get programming most suitable to their interests. CBS began 
converting from land lines to a satellite-based distribution system in 1982, and now almost all 
affiliates have their own earth station. 

A new audio and video entertainment and communications system will soon enable passengers on 
Northwest Airlines’ jumbo jets to play video games, select movies, make phone calls, receive 
flight information and order merchandise while aloft. Called Worldlink by the airline, the 
interactive system will be available at every seat in the aircraft to provide a new level of in- 
flight passenger entertainment and conveniences. It will be installed on Northwest’s Boeing 
747s beginning this fall under a $70 million contract with Hughes. The contract also marks the 
entry of Hughes into the business of airborne merchandising; the company will establish 
merchandising centers around the world to maintain inventories of in-flight sales items and 
fill customer orders. 

For more information write to: P.O. Box 80032, Los Angeles, CA 90080*0032 
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Real Time 
Video 
On 

Workstations 



The RGB /View System 
for Mission Critical 
Applications 

The RGB/ View™ displays live TV or other 
full motion video on workstations and high 
resolution displays. The RGB /View accepts 
video signals (NTSC or PAL) from a camera, 
tape recorder, videodisc or built-in TV tuner. 
FLIR input is also available. True color video is 
displayed full screen or as a scaleable window. 

• Real time video under all conditions 

• No Impact on graphics performance 

• Image capture 

• Text and graphics overlays on video 

• Scale, reposition, freeze 

• X-WIndows compatible 

• Cable ready tuner 

• Priced from $7500.00 

Applications include G’l, robotics. 
Interactive videodisc training, 
video teleconferencing, process control, 
surveillance and simulation. 

Standalone peripheral and board level 
models available. 
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950 Marina Village Barkway Alameda, CA 94501 
Tel: (510) 848-0180 Fax: (510) 848-0971 
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CAJON Products 
for Vacuum Service. . • 

IMMEDIATE delivery from local stocks 




VCR Coupling 

All metal gasket seal 


Patented 


■ Zero-clearance for disassembly 

■ Critical vacuum 

■ Choice of end connections from 1/16" to 1" 

■ Connects to various weld, SWAGELOK 
Tube Fitting, NPT and straight thread 
components 

■ Variety of configurations 

■ Sold as individual components to 
minimize inventories 

■ 316L & 316 stainless steel 


Flexible Tubing 



■ 321 stainless steel construction 

■ Compressible by 20%, 
extendable by 50% 

■ Absorbs vibration, relieves thermal 
expansion, compensates for 
misalignment 

■ 1/4" to 1-1/2" tube O.D. 

■ Nominal lengths 1" to 36" 


Flexible 

Glass End Tubing 



Isolates vibration 
in glass systems 


a Relief for thermal expansion 

■ Compressible by 20%, 
extendable by 50% 

■ 1/4" tol" 

■ Nominal lengths 2" & 3" 

■ 321SS fused to 7740 Pyrex glass 

■ Ultra-high vacuum to 25 PSI 

■ Single or double end glass 


■ Helium leak tested to 4.0 x 10 9 
atm. cc/sec. 

■ Pressures — vacuum to 11,000 psi 

■ Temperatures to 1000° F (537°C) 

VCO Coupling 



B Zero-clearance for disassembly 
a Variety of configurations 
B Connects to various weld, SWAGELOK 
Tube Fitting, NPT and straight thread 
connections 

B Sold as individual components to 
minimize inventories 
B Brass & 316 stainless steel 
B 1/8" to 2" 

B Helium leak tested to 4.0 x 10 9 
atm. cc/sec. 

B Pressures — vacuum to 10,000 psi 
B Temperatures to 450°F (232°C) 

B Fast make-up 


Glass /Metal Transition Tube 

One step glass to metal transition 
eliminates graded seals 

a Converts a glass system to a metal system 
a Smooth internal surface for high 
conductance 

B Non porous transition area to prevent 
absorption & outgassing 
B Metal, 304SS — Glass, 7740 Pyrex 


Hose Connectors 

Positive gripping-easy to install 



i Temperature to 960°F (515°C) 
i Ultra-high vacuum to 25 PSI 
i 100% Helium leak tested 
1 1/4", 3/8" & 1/2" sizes 
i 6" lengths 



Ultra-Torf Fitting 

Provides vacuum-tight seal on glass, metal or plastic 


B Used on soft plastic or rubber tubing 
B NPT & Tube Adapter ends 
b Hose clamps for safety 
a Reuseable 
B 316SS and brass 
B 1/8" to 3/4" 


B High conductance 
B 316L & 316 stainless steel construction 
BI/4" tol" 

B Pressures to 5100 psi 
B Thin wall design for cleaner, lower profile 
appearance 



Weld Fittings 

For automatic or 
manual welding 


B Helium leak tested to 4.0 x 10 9 atm. cc/sec. 
a 1/16" to 1-1/2" 

B Use with undersize tubing 
B Variety of configurations 
B Brass & 316 stainless steel 
B Temperatures to 450°F (232°C) 

SWAGELOK/ VAC GOOF - TM Crawford Filling Company 

PYREX- TM Coming Glass 

ULTRA- TDRR/VCO/VCR - TM Caion Company 


CAJON COMPANY 
9760 Shepard Rd. 

Macedonia, OH 44056 

A SWAGELOK’ COMPANY see it * co u k-m 




Vac Goop 

Anti-gall lubricant for use 
on threads, 0-Rings, gaskets, 
glass seals and metal parts 

B Low vapor pressure minimizes 
outgassing problems 
a Compatible with system 
materials 

B Use on temperatures to 400°F 
(204°C) 

B Impervious to moisture 



Circle Reader Action No. 380 







Engineering Excellence for 15 Years™ 

3707 N. Canyon Road • Provo, UT 84604 
(801)224-6550 • Fax (801) 224-0355 


STENTS 


O ver the past three decades, NASA has 
granted more than 1 000 patent licenses 
in virtually every area of technology. 
The agency has a portfolio of 3000 patents 
and pending applications available now for 
license by businesses and individuals, in- 
cluding these recently patented inventions: 

Large-Area Projection Liquid-Crystal 
Video Display System With Inherent 
Grid Pattern Optically Removed 
(US Patent No. 5.161.027) 

Inventor: Hua-Kuang Liu, Jet Propulsion 
Laboratory 

A small, low-cost system projects a large, 
bright television image onto a screen. Elimi- 
nating the need for a large cathode ray tube, 
the system employs a miniature liquid crystal 
array driven by video circuitry to produce a 
pattern of transparencies corresponding to a 
television image. Light is directed against the 
rear surface of the array to illuminate it, while 
a projection lens in front of the array projects 
the image of the array onto a large screen. 
Grid lines in the array are eliminated by a 
spatial filter comprising a negative of the 
grid’s Fourier transform. 

For More Information Circle No. 801 

Low-Toxicity, High-Temperature 

PMR Polyimide 

(US Patent No. 5,171,822) 

Inventor: Ruth H. Pater, Langley 
Research Center 

Ms. Pater has developed a high-tempera- 
ture polymerization of monomer reactants 
(PMR) system that exhibits better pro- 
cessability, toughness, and thermo-oxida- 
tive stability than PMR-15, with lower toxic- 
ity. The flexibility of the ether linkage in 3,4'- 
oxydianiline, the material’s key monomer 
reactant, provides improved toughness. 
Called LaRC-RP46, it is readily processed 
into a high-quality, graphite fiber reinforced 
composite with excellent reproducibility and 
can be used as a high-performance adhe- 
sive or molding. 

For More Information Circle No. 802 

Quantum-Well, Beam-Deflecting, 
Surface-Emitting Lasers 
(US Patent No. 5, 159,603) 

Inventor: Jae H. Kim, Jet Propulsion 
Laboratory 

Recent advances in surface-emitting lasers 
(SELs) have stimulated interest in such po- 
tential applications as monolithic 2D arrays, 
optical interconnects in very-large-scale in- 
tegrated circuits, optical parallel processing, 
and optical neural networks. Mr. Kim’s SEL 
offers higher efficiency and output power 
and lower threshold current density than 
conventional SELs, while being compatible 
with other optoelectronic devices and con- 
ventional monolithic 1C fabrication tech- 
niques. The new SEL has a pair of vertical 
oscillator mirrors and integrated 45° beam 


deflectors formed in parallel grooves by tilted 
ion beam etching from a broad-area multi- 
layered wafer. 

For More Information Circle No. 803 

Bar-Holding Prosthetic Limb 

(US Patent No. 5, 163,966) 

Inventors: William E. Norton, Thomas 
W. Vest, Jewell G. Belcher, 
and James R. Carden, 

Marshall Space Flight Center 
A prosthetic limb for below-the-elbow ampu- 
tees improves a user’s ability to perform 
heavy duty tasks, particularly to lift and ma- 
nipulate horizontal bars or tubes such as the 
bar on a chainsaw. More affordable, du- 
rable, and comfortable than current prosthe- 
ses, the limb features a removable end ef- 
fector that is offset from the body and has 
C-shaped slots to receive a horizontally- 
oriented bar. A pair of semicircular gripping 
members are pivotally mounted near the 
closed end of the slots and biased closed by 
a C-shaped leaf spring. 

For More Information Circle No. 804 

High-Speed Magneto-Resistive 
Random Access Memory 
(US Patent No. 5, 1 73,873) 

Inventors: Jiin-Chuan Wu, Henry L. 

Stadler, and Romney R. Katti, 
Jet Propulsion Laboratory 
The inventors have constructed high-den- 
sity, high-speed, nonvolatile, and radiation- 
hard MRAM elements. A sandwich of mag- 
netizable, ferromagnetic films surrounds a 
magneto-resistive film that is sensitive to the 
magnetizable layers. Data is stored by chang- 
ing the resistivity of fiie magneto-resistive 
layer by altering the magnetization of at least 
one of the magnetizable layers. The mag- 
neto-resistive film can be constructed of a 
high-resistivity, high-magneto-resistive ma- 
terial capable of higher sensing current — 
permitting higher read voltages and thereby 
faster read operations. 

For More Information Circle No. 805 

Method Of Characterizing Residual 
Stress In Ferromagnetic Materials 
Using A Pulse Histogram Of Acoustic 
Emission Signals 
(US Patent No. 5, 164,669) 

Inventors: Min Namkung, Peter W. 

Kushnick. William T. Yost, 
and John L. Grainger, Langley 
Research Center 

A novel method and apparatus character- 
izes residual uniaxial stresses in ferromag- 
netic members such as steel load-bearing 
structural beams and girders, wheels, and 
gears. Use of both MAC (magnetoacoustic) 
and MAE (magnetoacoustic emission) mea- 
surement circuit means enables distinguish- 
ing between stresses resulting from com- 
pression or tension forces. 

For More Information Circle No. 806 
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POWER TOOLS FOR THE BRAIN 


If you’ve ever had the opportunity to 
shop for a CAD system, you might 
think high performance and low cost 
are contradictory terms. 

Not necessarily. 

Digital and Cadkey, Inc. have 
teamed up to give you optimal power, 
versatility, and performance in mech- 
anical engineering CAD — all at a 
very affordable price. 

The Personal DECstation™ 5000 
and CADKEY® 5.0 design and draft- 
ing software can unleash the design 
genius within you. Easy to learn and 
easy to use, they make it possible to 
go from raw concept to finished part 


faster and more easily than you ever 
thought possible. 

The DECstation 5000 combines the 
power of a UNIX®-based workstation, 
with the flexibility of a PC. Processing 
speed and abundant storage capacity 
make it the perfect choice for use with 
large design files. 

CADKEY — the most advanced 
3D design software you can buy — is 
just part of a family of comprehensive 
desktop concurrent engineering tools 
that seamlessly integrate the design- 
to-manufacture cycle. 

Both companies provide exceptional 
support, a worldwide sales and training 


network, and “investment protection" 
thanks to Digital’s open architecture 
and CADKEY’s bi-directional translators. 

Digital and Cadkey offer small to 
medium sized companies an afford- 
able, comprehensive solution to their 
CAD system problems. For more 
information contact your Cadkey or 
Digital dealer today. 



^ Cadkey, Inc. 

4 Griffin Road North, Windsor, CT 06095 
(203) 298-8888 □ FAX: (203) 298-6401 


For More Information Circle No. 558 

CADKEY* is a registered trademark ot Cadkey, Inc, The DIGITAL logo and DECstation ,M are trademarks of Digital Equipment Corporation 
UNIX is a registered trademark of UNIX Systemlaboratories, Inc . in the USA and other countries. 







Editorial Notebook 



Technology Transfer 
Takes Center Stage 



They came from every state in the 
Union, from companies large and small, 
from an incredibly wide range of indus- 
tries. Nearly 6000 engineers and ex- 
ecutives came to Technology 2002 in 
Baltimore to listen to and meet top-level 
dignitaries, visit some 60,000 square 
feet of exhibits, and hear 120+ papers 
presented in the symposia and work- 
shops, making Technology 2002 the 
largest tech transfer conference and 
exposition ever held. 

Technology 2002 was the center- 
piece of National Technology Transfer 
Week, and the President’s National 
Technology Initiative and MIT's Entre- 
preneurial Tech Transfer Conference 
were the figurative bookends. Mary- 
land governor William Donald Schaefer 
officially opened the week with a rib- 
bon-cutting on Monday evening, No- 
vember 30. Maryland senator Barbara 
Mikulski keynoted the first day’s ple- 
nary session and was joined by the 
secretaries of Commerce, Barbara 
Franklin, and Energy, James Watkins, 
and NASA administrator Daniel 
Goldin — which gives you an indication 
of the importance of T echnology T rans- 
fer at the highest levels of government. 

Sam lacobellis, COO of Rockwell 
International, was Wednesday’s Ple- 
nary Speaker. And that evening, 
Norman Augustine, Chairman and CEO 
of Martin Marietta, within ten days of 
having acquired GE Aerospace for 
some $3 billion and doubling the size 
of his company, still took the trouble 
to keynote the Technology Transfer 
Awards Dinner. I had to follow Norm 
to the podium to speak. Talk about a 
tough act to follow... it’d be easier fol- 
lowing Arnold Schwartzenegger in a 
body beautiful contest. 

Fortunately, I had an ace in the hole. 
The year before, at the Technology 
2001 Awards Dinner, I had presented 
an award for Excellence in Technology 
Transfer to Advanced Interventional 
Systems of Irvine, CA. They had taken 
excimer laser technology pioneered at 
NASA’s Jet Propulsion Laboratory and 


developed a laser angio- 
plasty technique. We wrote 
about the company and 
award in NASA Tech Briefs’ 

“Mission Accomplished” 
column. I received the fol- 
lowing letter after we 
published that story, 
which I read to this year’s 
dinner audience: 

Hello Bill, 

Did you know you are 
in the business of improv- 
ing peoples’ livelihoods, 
and probably saving lives? 

I’ve been suffering with 
a coronary artery problem 
for almost a year. Specifi- 
cally, an extensive ( about 8 
cm ) occluded right coronary 
artery. All standard angio- 
plasty techniques were judged to be inef- 
fective to remedy my condition. 

As I was reading my March 1992 is- 
sue o/N ASA Tech Briefs, the article on 
page 108 jumped out at me. “Mission 
Accomplished” described the new exci- 
mer laser technology, and referenced 
Advanced Interventional Systems Inc., 
who manufactured such a system for 
angioplasty. 

A call to the manufacturer disclosed 
a system presently ( then) being installed 
in a Denver hospital. On subsequent 
visits to my physician and cardiologist, 
I gave them a copy of the article. On 
June 3, I was the seventh patient to 
undergo successful laser angioplasty 
at St. Anthony’s Central. 

Thanks to your article, I am now 
living a fuller, more productive, and 
much more pleasant life. 

Kindest regards, 

Robert A. Botos 
Hewlett-Packard Co. 

As I told the audience, this letter 
made the hair stand up on the back of 
my neck. I shared it with our staff and 
almost anyone else who would listen 
to me. And that evening, I didn’t just 


share the letter with everyone at the 
dinner, I'd “salted” Bob and his wife, 
Darlene, in the audience so he could 
talk to us all in person. 

Well, he brought down the house 
and saved my public speaking career in 
the bargain. He also helped bring home 
to us the very real and immediate ben- 
efits that accrue from the work we’re 
engaged in.. .from the inventors and 
writers, through the publishers, to you 
who read about the technology and turn 
it into products and processes that 
make life better for us all. 

The following pages contain im- 
ages from Technology 2002 as well as 
excerpts from key speeches. Thanks 
for being part of the process.. .and this 
year, come to Technology 2003 De- 
cember 7-9 in Anaheim, CA...this is 
only the beginning. 
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naiiunm- technology transfer week 


From left: Technology 2002 general chairman James R. Thompson, 
Maryland governor William Donald Schaefer, and NASA Tech Briefs 
publisher Bill Schnirring cut the ceremonial ribbon opening National 
Technology Transfer Week (Nov. 30 - Dec. 5, 1992). 




Among the private sector exhibitors was Machida Inc., 
which showcased remote visual inspection equipment. 



Cybernet Systems Corp. demonstrated a force-reflecting 
robotic handcontroller developed through NASA 's Small 
Business Innovation Research (SBIR) program. 


Above: The Army 
Aeromedical 
Research Lab, one of 
over 60 federal labs 
that exhibited at 
Technology 2002, 
displayed advances 
in life support and 
vision technology. 
Right: Technology 
2002 attracted nearly 
6000 attendees from 
across the nation, 
making it the largest 
technology transfer 
conference and 
exhibition ever held. 
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The following are excerpts from speeches at the Technology 2002 
conference held December 1-3, 1902 in Baltimore, MD. 


Putting Technology To Work 
For America 

Daniel S. Goldin, NASA Administrator 

One hundred and fifty years ago, the French social ob- 
server Alexis de Tocqueville came to our shores — to this 
nation that literally invented itself— to see what made its 

people different from those 
of the Old World. He wrote, 
“America is a land of won- 
ders, in which everything is 
in constant motion and ev- 
ery change seems an im- 
provement. ...No natural 
boundary seems to be set 
to the efforts of man; and in 
his eyes, what is not yet 
done is only what he has 
not attempted to do." 

Today, America is still “in 
constant motion .” The ques- 
tion for our nation is “Are we 
still bold? Are we still willing to risk and attempt the seemingly 
impossible?” 

America has to get bold again. If we’re going to shape our 
own destiny, rather than have the future shape us, we’ve got 
to take some risks and make some investments. For everyone 
who's worried about the American economy being stuck in a 
rut, it’s vital that we remember the tremendous power of 
technology to produce growth. 

During the days of Apollo, America reigned supreme in the 
world of technology because we were on the cutting edge of it 
in space. Over the decades, NASA has generated at least 
30,000 known spinoffs from its technology, creating new 
products and industries worth billions that have changed the 
face of America. 

America created a large federal research effort to fight 
the Cold War, and we fought it well. But now it’s over. Ameri- 
ca’s needs have changed, and the federal government 
must respond to those needs by putting the Cold War tech- 
nology base to work for our economy. There is a peace 
dividend beyond the reduced threat of war and lower de- 
fense budgets, important as they are. There is a technology 
dividend, as we multiply the government’s technology trans- 
fer efforts. 

To dramatically improve the way NASA approaches both 
the development and transfer of technology and the commer- 
cialization of space, we have created the Office of Advanced 
Concepts and T echnology. One of the primary functions of this 
office is to be NASA’s “front door" to businesses who want 
NASA’s help and expertise, or who have new ideas and 
technologies for us. Our new office will provide one-stop 
shopping for technology customers and suppliers — whether 
they are businesses, or universities, or even program offices 
inside of NASA. 

For example, say a small business that makes thermo- 
plastics asks for our help in developing a new manufactur- 
ing technique. We could develop a partnership whereby the 
firm receives technical expertise that improves their product 
line, while NASA receives new lightweight materials for its 


own use at a lower cost. Such a win-win approach would 
enhance NASA’s programs, yield more value for the tax- 
payer, and improve the ecomony by helping the private sec- 
tor to become more competitive. 

The Office of Advanced Concepts and T echnology will also 
set up new mechanisms and improve existing mechanisms to 
aggressively transfer technology into America’s economy. We 
will do this by seeking the input of the technology user 
community to figure out the best transfer mechanisms, whether 
by reading publications like NASA Tech Briefs , regional tech 
transfer centers, Centers for the Commercial Development of 
Space, cooperative research agreements, or actually coming 
to work in our labs and other facilities. 

But let me stress: customer need must govern the type of 
tech transfer mechanisms we devise. If it’s not user friendly, it’s 
not going to maximize the benefit to the American economy. 
The true test of NASA as a jobs generator is not how many 
people are working for NASA, but how many people are 
working because of NASA— because of NASA’s ability to 
reach into the future to bring back answers for today. 

I believe NASA can be a leading force in our society. The 
discoveries and technology of the space program provide 
inspiration for our minds and souls, hope for our future survival, 
opportunity for renewed prosperity, and catalytic action for 
peace through international partnerships. NASA can do all this 
and more if America continues to be bold and keeps reaching 
for the stars. 


Cooperation Must Be 
Our Hallmark 

The Honorable Barbara A. Mikulski, U.S. Senator 

There are those who look at the end of the Cold War and see 
enormous opportunity. I share that vision, and believe that 
our greatest strategic threats are not military, but economic. 

And our economic strength 
will rest largely on our suc- 
cessful development of 
technology, the transfer of 
technology, and making 
sure that our young people 
have the education and 
skills to put that technol- 
ogy to productive use. 

One of our concerns 
overthe years has been that 
federal agencies did not 
cooperate with each other. It 
was a source of great con- 
cern to us in Congress that 
often it is the very culture of our institutions that impedes our 
development. Many government agencies are based on a 
large, hierarchical, trickle-down approach. I would encourage 
people working in federal agencies to stop worrying about 
turf and power structures and start focusing on our mission. 

I want to be part of a Congress that streamlines its workings 
and cooperates effectively with the federal agencies and 
laboratories. The spirit of cooperation needs to be a hallmark 
of the rest of this century. Government spending should be 
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organized not to stimulate consumption but to stimulate 
growth and to make long-term sustainable commitments. I 
know that for those of you in government, one of the concerns 
that you have regarding appropriations is never knowing if 
your project is going to be here today or gone tomorrow. I 
share that frustration with you. We need to encourage a re- 
view of the federal tax and regulatory policy to create a cli- 
mate conducive to investment in technology. We want pro- 
growth: that means reinstating the investment tax credit for 
our private sector. At the same time, we need to look at anti- 
trust laws created for 19th century monopolies rather than 
for a 21st century economy which impede potential alliances 
between government, the private sector, and universities. 

I also want to make sure that if you invent an idea, you get 
to keep it. One of the vital things we need to do, both in our own 
country and in our trade negotiations, is to protect American 
intellectual property. 

We need visionary entrepreneurs, world-class universities, 
and a government at all levels that is a catalyst and a facilitator. 
We also need a national navigational chart of where we’re 
going in the 21 st century. I believe that if we focus on develop- 
ing critical technologies, this will afford young investigators the 
opportunities to pursue research. At the same time, our culture 
needs to shift its focus not only to the pursuit of ideas, but to the 
development of the ideas into technology, and of the technol- 
ogy into products. 


Five Keys To Economic Strength 

Sam F. lacobellis, Executive Vice President and 
Chief Operating Officer, Rockwell International Corp. 

The term “technology transfer” encompasses far more in 
our country than in many other industrialized nations where 
government and industry collaboration is the rule, rather than 

the exception. National se- 
curity and US competitive- 
ness were the twin horns 
of the technology transfer 
dilemma during the Cold 
War. While our aerospace 
and defense industries 
were creating a technolo- 
gy “mother lode,” our abili- 
ty to use it was carefully 
managed — with national 
security as the first criterion. 

Today, “technology 
transfer” is also used to de- 
scribe a component of “con- 
version" — or the process of commercializing defense and 
aerospace technologies. 

Indeed, our economic viability is highly dependent on the 
collective competitiveness of American enterprise in the global 
marketplace. And our ability to compete is in large part 
dependent on the job we do in maintaining and improving the 
nation’s industrial base — not to mention our efforts in educa- 
tion, training, and capital investment. 

But our nation cannot long endure without a reasonable 
level of defense spending to ensure our readiness for any 
military contingency and the continued development of tech- 
nologies that can be converted into competitive, commercial 
products. NASA and DOD have been the lead horses in pul- 
ling much of this nation's high-technology cart. If DOD and 
NASA budgets are cut to subsistence levels that provide for 


little R&D and even less prototyping, who will supply the 
impetus and the resources required to develop anything like, 
for instance, the $61 billion semiconductor industry. 

In fact, granted that the “peace dividend” should come out 
of defense, it is the aerospace industry into which part of it 
should be channeled, partly through increases in NASA’s civil 
space, aeronautics, and science programs. This would pro- 
vide the resources required to stay on the leading edge, to be 
competitive, and to avoid the technology gap that would be 
created by wholesale cuts in both defense and aerospace 
budgets — especially in the critical areas of R&D and prototyping. 

With the foregoing points in mind, permit me to convert 
the key points I’ve raised into five recommendations that 
may serve as a starting point when the new Administration 
takes office: 

First, I recommend that the process of conversion be 
approached in the context of preserving our industrial base 
and our technology leadership in the long-term, as well as the 
short-term, while at the same time acknowledging that at- 
tempts at “quick fixes" often don’t work. 

Second, I recommend that the downturn in the defense 
budget not be implemented precipitously, but that it be man- 
aged with an orderly build-down process over a reasonable 
period of time, and with the constant aim of preserving our 
technology leadership. 

Third, the government should initiate programs that would 
keep the talent needed to move technology forward while 
inspiring our youngsters to pursue studies and, ultimately, 
careers in science and engineering. 

Fourth — remembering that small firms sow technology 
seeds while large companies drive technology research, de- 
velopment and production — taxes on investment should be 
reduced, thus enhancing productivity, stability, “state of the 
art” manufacturing technology, and our competitiveness. 

Fifth, begin implementing the Council on Competitiveness 
“Capital Choices” report. 

I firmly believe that, if these recommendations are imple- 
mented, our nation will remain the strong and secure bulwark 
of economic and political freedom that it is today, and will 
continue to be the world leader in science and technology. 


Tech Transfer 

Requires A Transfer of Minds 

Norman R. Augustine, Chairman and Chief Executive 
Officer, Martin Marietta Corp. 

Sometimes we forget how far we’ve come and how fast 
technology has changed our world. I recall a conversation a 
few years ago between my father, then 96, my son, 70 years 
younger, and myself. My son, an engineer, had been describ- 
ing his work on the Manned 
Maneuvering Unit, the high- 
tech “backpack” that will en- 
able an astronaut to 
maneuver in space while 
traveling nearly 1 8,000 miles 
per hour. 

Out of curiosity, I asked 
my father what technologi- 
cal development had the 
greatest impact on his life as 
a youth. Pondering a few 
moments, he surprised us 
with the pronouncement: 
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“the tubular wick for oil lamps.” He explained that these newly- 
designed wicks, due to their increased brightness, made it 
practicable to read and work effectively well into darkness 
back in his hometown high up in the Colorado mountains. 
T ubular wicks — a seemingly minor technological advance, yet 
one that had a profound impact on many people like my father, 
allowing them to live more fulfilling lives. And, as a testimony 
to the pace of technological progress, my father later in his life 
was to meet astronauts who had been to the moon. 

As far as we've come, the challenge in the next few years 
will be to make technological innovation happen even more 
rapidly. With the world moving toward a truly international 
marketplace, we have to find ways to make our economy more 
productive. How do you do that when your industrial capacity 
is shrinking or, at best, treading water? You do it not so much 
by getting more work out of people but by getting people out of 
the work — at least the more mundane aspects of the work. And 
that means transferring technology — rapidly — from the lab to 
the marketplace. From the government to the private sector. 
From academia to the factory. From the space program to 
Earth programs. 

Such a process is not easy, nor is it cheap. Speaking as a 
participant in corporate America, I can attest that the difficult 
global economic climate and the extraordinary pressure on 
management to produce short-term results is having a chilling 
effect on private-sector investment in R&D. In today’s busi- 
ness world, the distant future too often means the end of the 
next fiscal quarter. As a result, many companies are cutting 
back on their R&D investments at a time when it is crucial to do 
precisely the opposite. In fact, the stock market favors those 
companies willing to spin off short-term cash and eliminate 
jobs. ..in short, willing to liquidate themselves. 

The emphasis on “now, now” results, plus the increasing 
price tag for entering most fields of modern research, means 
that government research will be looked to more intently as the 
source of technological spin-offs. Despite the obvious need 
for a streamlined process for transferring technology from 
government to the private sector, some major impediments 
stand in the way. 

For example, it is my opinion that when we talk about 
technology transfer, we are almost always talking about the 
transfer of people. That is, technology transfer is accom- 
plished by “transferring” the minds of people. In most cases, 
you simply can’t separate the technology from the people who 
know how to implement it. People are the bottom line. 

Needlessly harsh conflict of interest rules severely restrict 
the movement of people from government to the private sector 
and vice versa. If we want the successful transfer of high 
technologies, we’re going to have to allow people knowledge- 
able in the field to transfer with them. 

Perhaps the ultimate “technology transfer" is the transfer of 
knowledge and hope and wonder that has resulted from our 
exploration of space. For in the space age it can truly be said 
that the most important space is the space between the ears. 
It is humbling to remind ourselves that all the integrated circuits 
ever built have a combined memory capacity not much greater 
than 50 human brains. 

America’s space program costs the average citizen less 
than 20 cents a day — roughly one-fourth of what we spend on 
potato chips — and we can afford an energetic, promising 
space program if that is what we wish. The issue is simply one 
of priorities — of national will — no more, no less. □ 

For information on ordering the complete proceedings or 
audiotapes of Technology 2002 symposia, turn to page 65. 
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High-Tech Help For Low Vision 



A device incorporating NASA image 
processing technology enables low 
vision sufferers to better accomplish 
everything from reading to walking to 
working on a computer. Worn as a 
head-mounted video display, it serves 
as a real-time electronic telescope 
and allows the user to “tune” the focus 
and magnification to specific tasks. 

The invention is targeted to aid those 
with visual acuity ranging from 20/1 00 
to 20/800. “It could help approximately 
1 .5 million people in the US and, since 
most of the diseases causing low vision 
are age-related, the number is expected 
to climb as the population ages,” said 
Robert Massof, professor of Ophthal- 
mology at the Wilmer Eye Institute of 
Johns Hopkins University Hospital and 
project founder. The low vision system 
recently earned the institute an Award 
for Excellence in Technology Transfer 
at the Technology 2002 conference in 
Baltimore, MD. 

Low vision refers to chronic, dis- 
abling visual impairments resulting from 
diseases of the eye and optic nerve that 

20 


cannot be corrected with eyeglasses, 
medicine, orsurgery. The major causes 
of low vision are age-related macular 
degeneration , which is the leading cause 
of legal blindness in people over age 
65, and diabetic retin- 
opathy, the leading 
cause of legal blind- 
ness for those under 
age 65. Low vision can 
also result from glau- 
coma, inoperable cat- 
aracts, multiple sclero- 
sis, and strokes. 

The current tech- 
nology for people with 
such impairments con- 


Representing the Wilmer 
Eye Institute, Robert 
Massof (left) accepts an 
Award for Excellence in 
Technology Transfer 
from NASA Tech Briefs 
publisher Bill Schnirring 
at the Technology 2002 
conference . 


sists of magnifiers adapted from tools 
used by jewelers and stamp collectors. 
Often, the low vision patient must carry 
around a collection of such magnifiers 
to fit various circumstances. The search 
for a better solution began with a meet- 
ing between Johns Hopkins and NASA 
in October 1 985. 

“We had decided to launch a project 
to develop a general-purpose low vi- 
sion aid that allows manipulation of an 
image to compensate for the specific 
limitations of a user’s vision," said 
Massof. “That meant going to real-time 
image processing, in which we had no 
experience — so we turned to NASA." 

They turned to Douglas Rickman, a 
Stennis Space Center geologist who 
had extensive experience with ELAS, 
NASA’s software for analysis of remote 
sensing data such as Landsat images. 
“Although we couldn’t use ELAS di- 
rectly, because we need something 
that runs at video frame rates, we did 
derive concepts from ELAS for use in 
the low vision system — giving it both 
flexibility and the ability to grow,” said 
Rickman, who has since moved to the 
Marshall Space Flight Center but re- 
mains NASA’s manager of the low vi- 
sion project. 

While NASA worked on the image 
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Special fitters in the low vision system enhance the contrast of facial features (see image at right) to make the face recognizable. 


processing, Johns Hopkins pursued 
a headset to house the system. 
“We wanted a man-portable, battery- 
operated, head-mounted video dis- 
play with a large field of view,” Massof 
recalls. 

The first commercial version, ex- 
pected in about a year, will incorporate 
three cameras. T wo, for normal binocu- 
lar viewing, provide the equivalent of a 
60-inch television screen viewed from a 
distance of four feet. The third, a 
cyclopian camera, enables variable 
magnification, focus, and zoom. Weigh- 
ing approximately one pound, the head- 
mounted unit will accept input from a 
television or VCR, and can be con- 
nected to a computer monitor while 
providing a camera for the keyboard. 

Massof anticipates the system to 
cost about $3000 retail. “Ophthalmolo- 
gists are aware of its impending arrival 
and many have patients in line to re- 
ceive one,” he said. Designed to be as 
easy to fit as eyeglasses, the system 
eliminates the need for glasses by in- 
corporating a user's refractive error 
correction. 

The Department of Veteran’s Affairs, 
involved since the project’s inception, 
has provided funding and conducts 
clinical evaluations of the prototypes at 
its hospitals across the country. The 
third-generation prototype, currently in 
alpha testing at the VA centers, has met 
with enthusiastic responses, according 
to Massof. “The VA's low vision pa- 
tients are inpatients who use the sys- 
tem over weeks and provide useful 
feedback regarding comfort and long- 


term use,” he said. 

Other project members include T riad 
Investors Corp., which has funded all 
prototype development of the head- 
mounted displays, Polaroid, which made 
the molds for the optics, and Walter 
Dorwin T eague Associates, a New York- 
based industrial design firm, which de- 
signed the display. 

Although an “enormous improve- 
ment over existing technologies”, said 
Massof, the current system is designed 
for retrofitting in anticipation of numer- 
ous enhancements. One primary task 
is to reduce the system’s size and 
weight, and hence improve user com- 
fort. Massof foresees incorporation of 
various features onto a computer chip 
while using lightweight composites in 
the frame. Advances in thin-film tech- 
nology could enable higher resolu- 
tions — with color. “We need is a high- 
definition display in a very small pack- 
age. Currently, we can’t offer color be- 
cause it would decrease the resolution 
by two-thirds,” explained Massof. 

Another enhancement will address 
contrast. “Most of the conditions result- 
ing in low vision cause a loss of contrast 
sensitivity as well as a loss of resolu- 
tion — so you need more than magnifi- 
cation to perceive details,” Massof 
explained. “The chief complaint of 
people with low vision is the inability 
to recognize faces since facial fea- 
tures have very low contrast.” 

Special contrast filters will apply the 
same principle that allows the equalizer 
in a stereo system to filter out specific 
sound frequencies to compensate for 


deficiencies in a component or record- 
ing or even a listener’s hearing. The low 
vision system will use filters to alter the 
spectrum of visual signals while boost- 
ing contrast in important regions. In the 
case of a face, it would boost the con- 
trast of the contours that make a face 
recognizable, producing what re- 
sembles a heavy-lined pencil sketch 
(see images above). 

Further down the road, the project 
team hopes to incorporate an image 
remapper to compensate for distortions 
and blind spots. By remapping, or push- 
ing elements of the image into areas 
retaining good vision, a user essentially 
can “read around” a blind spot. Since 
this feature clearly must follow a user’s 
eye movements, the headset has been 
designed to accommodate a built-in 
eye tracker. 

A remapper that may serve this pur- 
pose has been developed by research- 
ers at Johnson Space Center (JSC) 
working with the University of Houston. 
Originally designed for remote vehicle 
and machine vision applications, the 
tool is under evaluation to determine its 
clinical merit. Said Richard Juday, JSC 
project manager: “Once we determine 
that a miniaturized, inexpensive, and 
low-power implementation will offer sig- 
nificant benefit to low vision sufferers, 
we’re ready to go full steam ahead.” □ 

For more information about the low vision 
system, contact Dr. Robert Massof, Wilmer 
Eye Institute, Johns Hopkins University 
Hospital, 550 North Broadway, 6th Floor, 
Baltimore, MD 21205, Tel: 410-955-9653. 
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New Product Ideas 


New Product Ideas are just 
a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial applica- 
tions. Each is discussed further 
on the referenced page in the 


appropriate section in this 
issue. If you are interested in 
developing a product from 
these or other NASA innova- 
tions, you can receive further 
technical information by 
requesting the TSP referenced 


at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 26). 

NASA's patent-licensing program 
to encourage commercial develop- 
ment is described on page 26. 


Bioconvective Assay as 
Alternative to Draize Test 

A new protocol can now determine 
the toxicities of chemicals relatively 
cheaply by use of equipment packaged 
in convenient kit form. The kit includes 


multiple ampoule/syringe units for repli- 
cation and varying dilutions. 

(See page 95.) 


Microrover Operates With 
Minimal Computation 

A vehicle of this type navigates, avoids 
obstacles, and picks up objects by use 
of a reactive control scheme. The vehi- 
cle uses a behavior-description lan- 
guage, which requires less computa- 
tion than other approaches to artificial 
intelligence. 

(See page 47.) 

Movable Cameras and 
Monitors for Viewing 

Telemanipulator 

Three methods are proposed to as- 
sist an operator in viewing a telemanip- 
ulator on a video monitor in a control 
station. Potential applications are in un- 
dersea operations, nuclear industry, sur- 
gery, entertainment, and manufacturing. 
(See page 54.) 

Robot-Control Station 
Would Adapt to Operator 

A proposed control station for a re- 
mote robot would adapt the control 
system to personal characteristics and 
preferences of the operator. Potential 
applications are in nuclear, underwater, 
surgical, industrial, and entertainment. 
(See page 55.) 

Fiber-Optic System Would 
Detect Leaking Liquid H2 

A proposed instrument would meas- 
ure both the locations and the sizes of 
leaks in tanks and plumbing that store 
and transfer liquid hydrogen. The instru- 
ment, based on optical time-domain 
reflectometry, can be applicable to the 
detection of other flammable and poi- 
sonous fumes. 

(See page 60.) 

Flame-Retardant 
Diaminobenzenes 
Containing Phosphorus 

A new synthesis followed by poly- 
merization with a variety of dianhy- 
drides and diacyl chlorides produces 
fire-resistant polymers. Such polymers 
would also have high tensile strength. 
(See page 66.) 
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HOW YOU CAN BENEFIT 
FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 


If you’re a regular reader of TECH BRIEFS, then you're already making use of 
one of the low- and no-cost services provided by NASA’s Technology Transfer 
Program But a TECH BRIEFS subscription represents only a fraction of the 
technical information and applications/engineering services offered by this Pro- 
gram In fact, when all of the components of NASA's T echnology T ransfer Network 
are considered. TECH BRIEFS represents the proverbial tip of the iceberg. 

We've outlined below NASA's Technology Transfer Network — named the 
participants, described their services, and listed the individuals you can contact 
for more information relating to your specific needs We encourage you to make 
use of the information, access, and applications services offered. 


How You Can Access Technology Transfer Services At NASA Field Centers: 

Technology Utilization Officers & Patent Counsels — Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

I f you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are 
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference 
number at the end of the Tech Brief. 


Ames Research Ctr. 

Technology Utilization 
Officer: Geoffrey S. Lee 
Mail Code 223-3 
Moffett Field. CA 94035 
(415) 604-4044 
Patent Counsel: 

Darrell G. Brekke 
Mail Code 200-1 1 
Moffett Field. CA 94035 
(415) 604-5104 

Lewis Research Center 

Technology Utilization 
Officer: Anthony F. 
Ratajczak 
Mail Stop 7-3 
21000 Brookpark Road 
Cleveland. OH 44135 
(216) 433-5568 
Patent Counsel: 

Gene E. Shook 
Mail Code LE-LAW 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-5753 


John C. Stennis 
Space Center 

Acting Technology 
Utilization Officer: 
Charles Hill 
Code HA-30 
Stennis Space Center, 
MS 39529 
(601)688-1929 
John F. Kennedy 
Space Center 
Technology Utilization 
Officer: James A. 
Aliberti 

Mail Stop PT-PAT-A 
Kennedy Space 
Center. FL 32899 
(407) 867-3017 
Patent Counsel: 

Bill Sheehan 
Mail Code PT-PAT 
Kennedy Space 
Center. FL 32899 
(407) 867-2544 


Langley Research Ctr. 

Technology Utilization 
Officer: Joseph J. 

Mathis. Jr. 

Head. TU & AO Office 
Mail Stop 200 
Hampton. VA 23681-0001 
(804) 864-2484 
Patent Counsel: 

Dr. George F. Helfrich 
Mail Stop 143 
Hampton. VA 23681-0001 
(804) 864-3221 
Goddard Space Flight 
Center 

Technology Utilization 
Officer: Dr. George Alcorn 
Mail Code 702 
Greenbelt, MD 20771 
(301)286-5810 
Patent Counsel: 

R. Dennis Marchant 
Mail Code 204 
Greenbelt. MD 20771 
(301)286-7351 


Jet Propulsion Lab. 

NASA Resident Office 
Technology Utilization 
Officer: Arif Husain 
Mail Stop 1 80-801 D 
4800 Oak Grove Drive 
Pasadena. CA 91109 
(818) 354-4862 
Patent Counsel: 
Thomas H. Jones 
Mail Code 1 80-801 G 
4800 Oak Grove Drive 
Pasadena. CA 91109 
(818) 354-5179 
Technology Utilization 
Mgr. for JPL: Dr. Nor- 
man L. Chaffin 
Mail Stop 156-211 
4800 Oak Grove Drive 
Pasadena. CA 91 109 
(818) 354-2240 


George C. Marshall 
Space Flight Center 

Technology Utilization 
Officer Ismail Akbay 
Code AT01 
Marshall Space Flight 
Center. 

AL 35812 
(205) 544-2223 
Patent Counsel: 

Robert L. Broad, Jr. 
Mail Code CC01 
Marshall Space Flight 
Center, 

AL 35812 
(205) 544-0021 
Lyndon B. Johnson 
Space Center 
Technology Utilization 
Officer: Dean C. Glenn 
Mail Code IC-4 


Houston. TX 77058 
(713) 483-3809 
Patent Counsel: 

Edward K. Fein 
Mail Code AL3 
Houston. TX 77058 
(713) 483-4871 
NASA Headquarters 
Technology Utilization 
Officer: Leonard A. Ault 
Code CU 

Washington. DC 20546 
(703) 557-5598 
Assistant General 
Counsel for Patent 
Matters: Robert F. 
Kempt, Code GP 
Washington, DC 20546 
(202) 453-2424 


How You Can Utilize NASA’s Regional Technology T ransfer Centers (RTTCs) — A nationwide network offering 
a broad range of technology transfer and commercialization services. 

Y ou can contact NASA's network of RTTCs for assistance in solving a specific technical problem or locating technology or markets that match your 
interests The RTTCs are experienced in working with industry to detine technology needs and acquire and commercialize applicable technology. 
User fees are charged for most services. For more information, call 1 -800-472-6785 and you will be connected to the RTTC in your geographical 
region (or you may call or write directly to the RTTC In your region). 


REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs) 
RTTC Directors 


NORTHEAST 

Dr. William Gasko 
Center tor Technology 
Commercialization 
Massachusetts Technology Park 
100 North Drive 
Westborough, MA 01581 
(508) 870-0042 

MID-ATLANTIC 

Ms. Lani S. Hummel 
University of Pittsburgh 
823 William Pitt Union 
Pittsburgh. PA 15260 
(412) 648-7000 
(800) 257-2725 (toll-free US) 


SOUTHEAST 

Mr. J. Ronald Thornton 
Southern Technology Application 
Center 

University of Florida 
College of Eng. 

Box 24 

One Progress Boulevard 
Alachua. FL 32615 
(904)462-3913 
(800) 225-0308 (outside FL) 


MID-CONTINENT 

Mr. Gary Sera 

Texas Engineering Experiment Station 
Texas A&M University System 
237 WERC Collge Station, 

Texas 77843-3401 
409-845-8762 


MID-WEST 

Dr. Joseph W. Ray 


FAR-WEST 

Mr. Robert Stark 
Technology Transfer Center 
University of Southern California 
3716 South Hope Street, 

Suite 200 

Los Angeles, CA 90007-4344 

(213) 743-6132 

(800) 642-2872 (CA only) 

(800) 872-7477 (toll-free US) 


Great Lakes Industrial Technology Center 
25000 Great Northern Corporate Center 
Suite 450 

Cleveland, OH 44070-5310 
(216) 734-0094 


If you are interested in information, applications, research, training, and services relating to satellite and aerial data for Earth resources, contact NASA’s 
transfer point for earth observing technology: Technology Application Center, University of New Mexico, 2500 Yale Blvd. S.E., Suite 100, 
Albuquerque, NM 87131-6031; Dr. Stan Morain, Director (505) 277-3622. 


If you represent a public sector organization with a particular need, you can contact NASA’s Application Team for technology matching and problem 
solving assistance. Staffed by professional engineers from a variety of disciplines, the Application T earn works with public sector organizations to identify 
and solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research 
Triangle Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980 


A Shortcut To Software: COSMIC^— For software developed with NASA 
funding, contact COSMIC. NASA’s Computer Software Management and Informa- 
tion Center. New and updated programs are announced in the Computer Programs 
section. COSMIC publishes an annual software catalog. For more information call 


If You Have a Question. NASA Center For AeroSpace Infor- 
mation can answer questions about NASA's Technology Transfer Network and 
its services and documents. The CASI staff supplies documents and provides 
referrals. Call, write or use the feedback card in this issue to contact: NASA Center 


or write: COSMIC'S 382 East Broad Street. Athens, GA 30602 John A. Gibson, 
Director. (706) 542-3265; FAX (706) 542-4807. 


For AeroSpace Information, Technology Transfer Office, P.O. Box 8757, Balti- 
more. MD 21240-0757. Walter M. Heiland, Manager, (410) 859-5300, Ext. 245. 
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Faster design cycles with MATRIXx 


There’s no faster, better 
way to design control 
systems than with the 
MATRIXx* design auto- 
mation family. Whatever 
your application or 
industry - automotive, 
aerospace, process 
control, servo design or 
other - MATRIXx pulls 
your team together, accelerating the design 
cycle from concept to prototype. 

One integrated line. 

With our integrated suite of tools, you 
design; we manage the details. You 
prototype the same model you simulate. So 
accuracy and integrity are assured. There’s 
no time wasted or information lost, 
translating your design from one tool to the 
next. Now, design tradeoff studies take 
minutes instead of weeks, giving you more 
time to optimize designs. What’s more, our 
in-house expert applications engineering 
group is standing by to work with you on 
your toughest problems. 


Leadership through innovation. 

Integrated Systems continues to 
be the innovator. Xmalh" is the 
first object-oriented analysis and 
visualization package with a user- 
programmable GUI. Since its 
introduction in 1985, 
SystemBuild™ our graphical 
dynamic simulation package, 
has been consistently upgraded. AutoCode" is 
the first and only automatic code generator. 
And only Integrated Systems gives you the 
power to take your design from concept to 
implementation - with the high-performance 
AC-/0(Tsystem, now based on the super- 
charged Intel i860. Version 3.0, offering 
interactive graphical 
debugging, was introduced 
in September 1992 to rave 
reviews. 

On-going quality. 

Over the last twelve months 
we’ve dramatically 
improved the quality of our 
products. But that’s just the 


beginning. You can count on us to meet 
and exceed your expectations, today and 
tomorrow. 

Driven worldwide. 

leading automotive manufacturers in the 
U.S., Japan and Europe routinely use 
MAI RIXx. Both in the lab and on the test 
track. We’re a standard for computer 
peripherals and process control appli- 
cations. And Space Station Freedom is 
currently being designed with our 
integrated approach. 

Take us for a spin. 

Call 800-932-6284 and we’ll send you our 
informative hand- 
book, “Accelerating 
Systems Design.” Or 
ask for a compre- 
hensive evaluation to 
see how MATR1X X 
can cost-effectively 
address your 
design needs. 



Xmath provides powerful analysis and 
visualization with a programmable GUI. 



AC - 100 reduces testing from months to days. 


^ 1 1 integrated 
HI systems 


Corporate Headquarters 
3260 Jay Street, Santa Clara, CA 95054 
Tee: (408) 980-1500 Fax: (408) 9800400 
email: info@isi.com 


United Kjncdom Headquarters 

First Floor, Gatehouse, Fretherne Road, Welwyn Garden City 

Herts AL8 6NS, Encland 

Tel: 0707 331199 Fax: 0707 391108 


MATRIX x is a registered trademark and Xmalh. SystemRusld, Au ltd ode and AC-100 are trademarks of Integrated Systems. Inc. Ihrcali u a registered trademark o/ feigner Italian Motorcycles. Inc. 
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Special Focus: 

Communications Technology 


Improved Dual-Polarized Microstrip Antenna 

Low cross polarization and high isolation between feeds are achieved. 


NASA's Jet Propulsion Laboratory, Pasadena, California 
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In directions of 
radiation away from 
perpendicular to the plane 
of the microstrip patches, 
these cross-polarized 
electric fields cancel in 
the electric-field plane, 
but reinforce in the 
magnetic-field plane. 

OLD FEED ARRANGEMENT 
FOR VERTICAL POLARIZATION 



These cross-polarized 
electric fields 
cancel in the 
electric-field 
plane. 


NEW FEED ARRANGEMENT 
FOR VERTICAL POLARIZATION 


Figure 1. This Simplified Diagram illustrates the reinforcement and cancellation of cross- 
polarized electric fields in the old and new feed arrangements. 


An improved dual-polarized microstrip 
antenna features microstrip transmission- 
line feeds arranged in such a configuration 
that the cross-polarized components of ra- 
diation are relatively low and the degree 
of isolation between the feed ports is rela- 
tively high. Two independent beams of the 
same frequency with their electric fields 
polarized orthogonally to each other can 
be transmitted or received via this anten- 
na, whereas in a more conventional sys- 
tem, two separate antennas — one for 
each polarization — would be necessary. 
Thus, the improved design saves space. 

Microstrip antennas designed to radiate 
two independent, orthogonally polarized 
signals of the same frequency from the 
same antenna aperture have been investi- 
gated before. Typically an antenna of this 
type exhibits two major deficiencies: (1) 
poor isolation between the feed ports 
causes significant crosstalk between them, 
and (2) the antenna radiates a significant 
amount of cross-polarized radiation [some 
of the power that is supposed to be in the 
horizontally polarized (H) beam is coupled 
into the vertically polarized (V) beam and 
vice versa]. 

The poor isolation and high cross-polari- 
zation of the old designs are caused pri- 
marily by undesired cross-polarized higher- 
order modes of the electromagnetic field 
underneath and surrounding the microstrip 
patches. The old feed arrangement causes 
reinforcement of some of the cross-polar- 
ized components in the far radiation field; 
the new design calls for spatially opposed 
feed points fed with opposite phases, in 
an arrangement that results in cancella- 
tion of the cross-polarized components in 
the far field (see Figure 1). 

In the new antenna, the V and H feed 
ports are offset from the midpoints of the 
feed lines to obtain the required opposite 
phases at the feed-point connections to 
the microstrip patches (see Figure 2). This 
phase opposition is necessary, not only to 
suppress cross-polarized radiation but also 
to isolate the feed ports from each other 
by mutual cancellation of signals that would 
otherwise be coupled between the V and 
H feed ports via the microstrip transmis- 
sion lines. 

A prototype of the antenna designed for 
a frequency of 5.3 GHz was tested over 
a range of frequencies from 5.1 to 5.5 GHz. 


The worst-case isolation between the V 
and H feed ports was about -39 dB; the 
worst-case cross-polarization radiated in 
the broadside direction was 28 dB below 
the copolarization peak. This performance 
nearly matches that of a similar but more 
conventional array of two separate aper- 
tures, one for each polarization: the array 
exhibited an isolation of -43 dB and a 
cross-polarization level of -28 dB. 

This work was done try John Huang of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information, Circle 59 
on the TSP Flequest Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, NASA Pesi- 
dent Office - JPL [see page 26], Peter to 
NPO-18506. 



Figure 2. This Feed Arrangement provides 
the spatial and phase relationships needed 
for cancellation of cross-polarized radiation 
and isolation between the V and H feed ports. 
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We have a perfect board for 
every image processing application. 


As you can plainly 
see, our new DT385 1 
image processing 
board is a multi-tal- 
ented performer. 

That's why any- 
one who knows image 
processing will agree 
that the DT3851 
Series is far and away 
the best choice for 
the vast majority of 
applications. This 
Jack of all trades mas- 
ters any task, because 
it has features, flexi- 
bility and software 
support that equal or 
exceed your single- 



The DT385I, CL 
software for Microsoft Windows 


mage 



The DT385 1 : fast four-channel multi 
plexer for inspection with multiple cameras 



The DT385 1 : variable scan for 
inspection with nonstandard cameras 


TheDT3851: up to 8M of memory 
for motion analysis 



The DT385 1 : special circuitry for 
perfect digitizing from VCRs 


TheDT385l: iKx I K input 
for high resolution devices 



The DT385 1 : precise image 
digitization for microscopy 


The DT385I integrated graphics 
for one-monitor systems 


I up to 1,024 x 768, 
in interlaced or non- 
interlaced format. 

The DT3851 
comes with a free 
r Windows DLL and a 
T® free DOS library that 
control all board 
functions and perform 
y frame averaging. It is 
supported by our 
GLOBAL LAK® Image 
2.0 application and 
library software. That 
means it also conforms 
to DT-Open Layers," 

{ the Windows standard, 
f so you know your 
software investment is 


purpose boards. 

The DT3851 
combines the indus- 
try's most flexible and 
precise frame grabber 
with a very powerful display controller. 
It can capture images from any input 
device as precisely as needed - up to 
1,024 x 1,024 
resolution. 
What's more 
the DT3851 can either display images 
on a single monitor, integrated with 
Windows graphics, or be used in a 
traditional dual monitor configuration. 

With this versatile board, input 


It just happens 
to be the same board. 

parameters are software-programmable. 

Display parameters are software-selectable 



-Open 

lyers 


• Displays live video in a window 
• Gain, offset, and reference adjustment 
•Perfect synchronization to 
VCRs in pause mode 

• Lowest pixel jitter of any PC-based system 
• Supports standard or nonstandard input 
devices to 1 K x I K 

• Displays multiple images anywhere on the screen 

• Accelerates Windows 
graphics with onboard TMS34020 processor 

• DT-Connect interface 


protected. 

And perhaps best 
of all, since you really 
can't afford not to 
have the DT3851, we 
made it very affordable. 

Call us today. We'll send you more 
information on the DT385 1 , and our 
3-Book Set filled with other great prod- 
uct and application information. 

Call now. Because in this case, if 
you've seen one great image processing 
board, you've seen them all. 

DATA TRANSLATION 


For More Information Circle No. 549 


FOR MORE PRODUCT INFORMATION OR OUR FREE 3-BOOK SET CALL 800 - 525 - 8528 . 
100 LOCKE DRIVE, MARLBORO, MA 01752-1192. FAX 508-481-8620. IN CANADA CALL 800-268-0427. 
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Finland 0351-1800, France 5045-9583 (Hdqtrs ), 16907-7803 (Sacasa), Germany 7143-54035, Greece 1361-4300, Hong Kong 515-0018, India 3333-1040, Israel 5354-5685, Israel 3540-7353, Italy 30242-5696, Japan 33502-5550, 
Japan 335379-1971, Korea 2718-9521, Malaysia 3248-6786, Mexico 575-6091, Mexico 575-6098, Netherlands 70399-6360, New Zealand 9415-8362, Norway 2434150, Poland 4823-580701, Portugal 1793-4834, Portugal 1793-4934, 
Singapore 336-4767, South Africa 12803-7680, Spam 1555-8112, Sweden 889-3890, Switzerland 1386-8686, Taiwan 62303-9836, Turkey 288 62 13. All trademarks and registered trademarks ate the property of their respective holders 




Our six-row connector 

lets you change the ground rules, 


AMP is a trademark of AMP Incorporated. 







AMP TBC Plus connectors give you complete 
freedom in ground and signal assignment, so 
you can write your own ‘ground rules’ for out- 
standing electrical performance in high-speed, 
high-density backplane applications. 

Because they are true &-row connectors 
and you assign ground where you need 
it, near end and far end noise voltage 
figures in the <10 ns risetime range are 
far below' connectors that limit ground 
to the outer rows or “planes’ (TBC Plus 
performance is even better when con- 
figured the same way!). 

Our economical twin-beam receptacle 


design is unique in offering greatly reduced 
inductance in the outermost long' row of pins, 
and matched propagation delay in all lines. 

.Vote performance of AMP TBC Ptm connectors uiih eveniy dupened 
‘checkerboard grounding: wnwcampetituestyie* don't aUtei thu. 
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■Competitive Connector 
I TBC Plus (All Grounds Outside Rows) 
I TBC Plus (Grounds Evenly Dispersed) 


Capacitance is a mere 2pf, max, line-to-line. 

Modular configuration (90- and 120-position 
sections) provides ‘building block’ flexibility, 
with applicatioas to 810 positions or more. 
Header posts in staggered heights allow 
four-level sequenqed mating. 

F or the Phis in high-speed performance, 
call our Product Information Center at 
1-800-522-6752 (fax 717-986-7575). AMP 
Incorporated, Harrisburg, PA 17105-3608. 
In Canada call 416-475-6222. F or design 
assistance in characterized back-plane 
assemblies, contact AMP Packaging 
Systems, 512-244-5100. 

Circle Reader Action No. 657 


AM 



Optoelectronic Control of Phased-Array Antenna 

Radiation patterns can be switched within microseconds. 


Lewis Research Center, Cleveland, Ohio 


An experiment has demonstrated the 
feasibility of an optoelectronic concept 
for rapid steering of the beam transmitted 
or received by a phased-array antenna. 
According to this concept, digital beam- 
steering information destined for a number 
of phased antenna elements is transmit- 
ted in serial multiplex along an optical 
fiber to an optoelectronic integrated cir- 
cuit (OEIC), which demultiplexes the infor- 
mation into parallel electronic channels to 
the phase shifters associated with the vari- 
ous elements. 

The motivation for this optoelectronic 
beam-steering concept is provided by the 
emergence of phased millimeter-wave- 
length antenna arrays containing hundreds 
of elements. Because of the small dis- 
tances between the elements of such ar- 
rays, the compactness of optical fibers 
makes them attractive for the distribution 
of beam-steering (phase-shifting) control 
signals. Multiplexing many control signals 
onto a single optical fiber helps to make 
even more efficient use of the narrow 
spaces available between antenna ele- 
ments. Optical fibers also offer the advan- 
tages of light weight, low attenuation, me- 
chanical flexibility, large bandwidth, and 
immunity to both crosstalk and electro- 
magnetic interference. 

The experimental system included an 
eight-element phased-array antenna op- 
erating at 28.2 GHz, an optoelectronic in- 
tegrated circuit, an optical fiber, and as- 
sociated electronic circuitry (see Figure 1). 
The optoelectronic integrated circuit is a 
hybrid device that requires a serial optical 
bit-stream input, as well as electrical clock 
and synchronizing inputs, and produces 
16 parallel, demultiplexed, electrical out- 
puts and a data-valid (clock divided by 16) 
output. It is capable of operation at speeds 
up to approximately 300 Mb/s. The anten- 
na includes an eight-way corporate feed 
network that divides the input power equal- 
ly among eight phase shifters that, in turn, 
feed the eight radiating elements. Each 
phase shifter is a 4-bit device that has 16 
possible delay settings in 22.5° incre- 
ments from 0° to 337.5° 

Because the OEIC and the phase shift- 
ers were not designed to be connected 
directly to each other, an interface circuit 
compatible with both was interposed to 
switch the voltages applied to the phase 
shifters. Rather than controlling all 32 bits 
of the array (8 shifters x4 bits/shifter), 8 
bits were strategically selected so that by 
changing only these bits the antenna pat- 
tern could be switched between normal 
to the plane of the antenna and 20° from 


Optical 

Fiber 



Antenna 
Under Test 


Figure 1. Digital Signals Transmitted on an Optical Fiber were converted to electronic signals, 
which controlled phase shifters to alternate the aim of a receiving antenna between two 
different directions: one toward the transmitter and one facing away by 20°. 



0 2 4 6 8 10 12 14 16 18 20 


Time, ps 

Figure 2. The Upper Oscilloscope Trace represents the switching signal on one of the out- 
put lines of the optoelectronic integrated circuit. The lower trace represents the output of 
the detector, clearly showing the effect of switching on the receiving pattern of the antenna. 


the normal to the plane. 

In the experiment, the antenna was 
used to receive a signal transmitted by a 
horn antenna 3 m away. The phase shifters 
were toggled between the two states with 
a cycle time of 3.2 /*s, causing the receiv- 
ing pattern of the phased array to point 
alternately directly toward the transmitter, 
then 20° from it. As a result, the output 
signal from the antenna alternated be- 
tween maximum and minimum values, as 
shown in Figure 2. The maximum switch- 
ing speed was limited by the speed of the 
interface circuitry. 

This work was done by K. R. Bhasin of 


Lewis Research Center, M. A. Richard 
and P C. Claspy of Case Western Reserve 
University, and M. Bendett of Honeywell, 
Inc. Further information may be found in 
NASA TM-102550 [N90-21275], “ Optical 
Control of an 8-Element Ka-Band Phased 
Array Using a High-Speed Optoelectronic 
Interconnect." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

LEW-15187 
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Synthetic-Aperture Antenna Array 
With Beam-Waveguide Coupling 

Receivers would be located centrally, with consequent reductions in complexity and cost. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 


A proposed synthetic-aperture antenna 
array for radio astronomy at wavelengths 
between 60 and 300 /im would include 
twelve 3.5-m-diameter paraboloidal-dish 
antennas at various positions along three 
0.5-km-long arms of a Y-shaped pattern 
(see Figure 1 ). Although the antenna would 
be erected on the Moon to avoid absorp- 
tion by water vapor and other molecules 
in the terrestrial atmosphere in the wave- 
length range of interest, the innovative fea- 
tures of its design may also stimulate solu- 
tions to engineering problems that arise 
in terrestrial radio systems. 

The particular distribution of the anten- 
nas along the arms would be needed to 
obtain the required angular resolution of 
1 0 milliseconds of arc at the shortest wave- 
length. Heretofore, in terrestrial arrays of 
radio antennas that operate at longer wave- 
lengths, the incoming radio beams have 
not been reflected to central receivers, 
because losses caused -by diffraction at 
the longer wavelengths would be too large. 
Instead, images of astronomical radio 
sources have been synthesized from sig- 
nals detected coherently in a receiver at 
each antenna. However, at the submilli- 
meter wavelengths of the proposed sys- 
tem, the apertures of the beam-waveguide 
components that would be needed to re- 
flect the collected radio beams to a cen- 
tral receiving station with acceptably low 
diffraction loss would be small enough to 
be practical. 

Figure 2 illustrates the principal com- 
ponents of one version of the proposed 
antenna optics, designed to relay the beam 
to the central receiving station. Flat mir- 
ror 1 would rotate, with the antenna dish, 
around its elevation axis. Flat mirrors 2, 
3, and 4 would rotate, with the structure 
that supports the elevation axis, about the 
azimuthal axis. The net effect of flat mir- 
rors 1 through 4 would be to provide a con- 
stant beam directed downward toward flat 
mirror 5, regardless of the orientation of 



Figure 1. Twelve Antennas would be located 
along the arms of a Y. The radio waves col- 
lected by the antennas would be concen- 
trated into beams directed toward a central 
receiving station. 

the antenna. Flat mirror 5 would reflect the 
beam toward 1 of 12 Cassegrain beam 
compressing dish antennas located at the 
central receiving station. The diameters of 
the beam-compressing dishes for each 
arm of the Y would range from 0.52 m for 
the relay from the nearest antenna to 1 .61 
m for the relay from the farthest antenna. 

The principal advantage of this beam- 
waveguide coupling scheme is that all ma- 
jor power-consuming equipment would be 
located in the central receiving station, 
with consequent simplification of main- 
tenance and the distribution of power. For 
example, all receivers could be located in 
one or a few cryostat(s), which could be 
operated at a cost substantially less than 
that of separate cryostats at all the anten- 
nas. The maximum power required at each 
antenna would be only about 20 W, most 
of which would be consumed by the an- 
tenna-aiming machinery. 

This work was done by Michael J. 
Mahoney and Kenneth A. Marsh of Caltech 
for NASA’s Jet Propulsion Laboratory 
For further information, Circle 106 on the 
TSP Request Card. 

NPO-18605 
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CENTRAL RECEIVING 
STATION 


Figure 2. The Beam-Waveguide Coupling 

between one of the antennas and the cen- 
tral receiving station would operate with ac- 
ceptably small diffraction loss. 


Tuners for Coplanar-Strip Transmission Lines 

Sliding radio-frequency short circuits are easily adjusted for optimum impedance. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


Tuning elements are being developed 
for use in planar integrated circuits that 
wiil operate at frequencies from about 10 
to more than 1,000 GHz (such circuits are 
denoted variously as microwave integrated 
circuits and monolithic microwave inte- 


grated circuits). These tuning elements are 
nearly electrically equivalent to short cir- 
cuits at the intended operating frequencies 
(but are open circuits at dc) that can be 
slid along coplanar-strip transmission lines 
to adjust their electrical lengths. The pur- 


pose of such an adjustment is to adjust 
the impedance presented to a circuit con- 
nected to the nonshorted end of the trans- 
mission line and thereby optimize the per- 
formance of the circuit. Mixers, oscillators, 
amplifiers, couplers, and phase shifters 
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are among the circuits that could be im- 
proved by incorporating tuners of this type. 

The basic version of the tuning element 
is a rectangular strip of metal that contains 
rectangular holes and slides along a co- 
planar-strip transmission line with a thin 
insulating layer in between (see Figure 1). 
Therefore, capacitive and wave-propaga- 
tion phenomena effect the coupling be- 
tween the transmission line and the tuning 
element. The insulating layer also serves 
to prevent mechanical wear between the 
sliding tuning element and the coplanar 
lines. 

The tuning element works by creating 
a sequence of low-impedance transmis- 
sion-line sections (solid metal) alternating 
with high-impedance transmission-line 
sections (holes). The length of each low- 
or high-impedance section is approximate- 


ly one-fourth the wavelength on the trans- 
mission line at the frequency for which the 
tuner is designed. As the number of sec- 
tions is increased, the impedance is re- 
duced. Calculation shows that the im- 
pedance can be made smaller than 1 fl — 
a value that is regarded as a radio-frequen- 
cy short circuit in typical applications. 

A tuning element for millimeter and sub- 
millimeter wavelengths could be made 
readily by conventional or laser machin- 
ing or by etching the metal strip. The tun- 
ing element can be driven along the 
transmission line by a micrometer via a 
connecting wire. For very high submillime- 
ter-wave frequencies where tight control 
of dimensions is important, the tuning ele- 
ment and drive mechanism can be fabri- 
cated using silicon micromachining and 
plating techniques. 


The concept was tested with a large- 
scale 204-fl transmission line and tuning 
element designed for optimum perform- 
ance at a center frequency of about 2 
GHz. The relative power reflected from the 
tuning element back along the transmis- 
sion line was measured at frequencies 
from 1.6 to 2.4 GHz (see Figure 2) and 
found to exceed 93 percent over a 22- 
percent bandwidth centered at 1.93 GHz. 
It has been conjectured that the remain- 
ing power leaks past the tuning element 
along the dielectric substrate. A double- 
shunt tuning circuit for a planar antenna 
was also built and tested. The antenna im- 
pedance was successfully transformed to 
a wide range of radio-frequency (rf) im- 
pedances by adjusting the two tuners. 
These results represent the first demon- 
stration of active mechanical tuning of a 
microwave integrated circuit. 
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SECTION A-A 


This work was done by William R. 
McGrath, Victor M. Lubecke, and David B. 
Rutledge of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion, Circle 20 on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title 
to this invention. Inquiries concerning 
rights for its commercial use should be ad- 
dressed to 
Edward Ansell 

Director of Patents and Licensing 
Mail Stop 305-6 

California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 
Refer to NPO-18359, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 



Figure 1. The Tuning Element presents a low impedance at the design wavelength and 
frequency. Its position along the transmission line is adjusted to tune a circuit connected 
to one end of the line. 


Figure 2. Most of the Power incident upon 
an experimental tuner was reflected, con- 
firming that the tuning element had the 
desired low impedance and was effective. 
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The leading players 
in R&.D 

keep us on their bench. 



Superconductive materials are reaching 
new heights in critical temperature and field. 
And Keithley is there. 

Keithley is there as leading metrologists 
develop intrinsic standards using Josephson 
Junction, Quantum Hall Effect and Quantum 
Current Pump technologies. 

And the leading players in communications 
and computers use Keithley equipment 
to evaluate ozone-friendly 
manufacturing processes. 

Wherever you find extreme measurements 
being made, you often find a 
Keithley instrument. 

That’s because Keithley offers the 
most sensitive voltmeters, ammeters and 
ohmmeters of any major instrument 
supplier. And a solid line of high- 
performance, full-featured DMMs, 
switches and source-measure units. 

Another reason: prompt and total support 
for the R&D professional. Like free 
applications assistance (1-800-552-1115). 
On-site technical seminars. Our “Low Level 
Measurements Handbook.” And much more. 

We’re always ready to support your research 
efforts. Just as we’ve been doing for 47 years. 

Call on us. Any time. 

Until then, we applaud all those researchers 
who’ve made a difference. 

And we thank you for sharing 
a bench with us. 


KEITHLEY 


For More Information Circle No. 619 






Compact, Flexible Telemetry-Coding Circuits 

One circuit can generate any of a number of selectable codes. 

Goddard Space Flight Center, Greenbelt, Maryland 


Circuits that encode binary telemetry 
data have been designed to synthesize any 
of a number of selectable codes. The cir- 
cuits (see figure) are designed for use 
aboard spacecraft, with features that also 
make them attractive for terrestrial applica- 
tions: They are simple and compact rela- 
tive to prior coding circuits, can be built 
with commercial integrated circuits, and 
incorporate protective redundancy. In ad- 
dition, output distortions are minimized, 
and spurious attenuated and/or abbreviat- 
ed output pulses (which are common in 
some prior coding circuits) are eliminated. 

The original versions of these circuits 
can generate any of four codes: non-re- 
turn-to-zero-level (NRZ-L), bi-phase-level, 
convolutional with constraint length 7 and 
rate Vi, and convolutional-bi-phase-level 
(a combination of the preceding two). The 
convolutional-bi-phase-level code specifies 
4 output bits per input bit. The convolu- 
tional (only) and bi-phase-level codes 
specify 2 output bits per input bit. The 


NRZ-L code specifies 1 output bit per in- 
put bit. To accommodate all the codes, the 
circuit includes an oscillator that generates 
a clock signal at 4 times the input data rate. 
For the NRZ-L code, each bit is simply 
copied four times and is shifted out at 4 
times the input data rate; the result is in- 
distinguishable from shifting the input out 
at the same rate at which it comes in. 

For the bi-phase-level code (in which 
"1" and "0” are represented by transitions 
from the “I” to the “0” level or from the 
“0" to the “1” level, respectively), each 
input bit is copied twice with its comple- 
ment concatenated twice. For the convolu- 
tional code, each of the two alternating 
outputs of the encoding algorithm is 
copied twice and concatenated with two 
copies of the other output of the algorithm. 
For the convolutional-bi-phase-level code, 
the two component codes are concaten- 
ated at each output-clock period; extra 
copies of input bits are not made. 

Implementation of the coding algorithms 


would ordinarily require large circuits. There- 
fore for the sake of compactness and 
economy, precomputed coded output bits 
are stored in "lookup-table" form. All four 
codes can be stored redundantly in a 
2K x8 programmable read-only memory. 
Tolerance of faults is obtained by dividing 
the memories into redundant blocks, each 
of which contains all the codes. The redun- 
dant storage scheme can be implemented 
by connecting a spare address-bit line in 
each memory to an external control regis- 
ter and/or by use of an external quad 2:1 
multiplexer and assignment of each half 
of each word space in memory to contain 
the duplicate of the information in the other 
half. The programmable coding is tolerant 
of any stuck-at condition of the bank- 
selection lines. 

This work was done by Richard B. Katz, 
Matthew Tooley, and Beverly Settles of 

Goddard Space Flight Center For fur- 
ther information, Circle 31 on the TSP Re- 
quest Card. GSC-13514 



These Encoding Circuits process input bit streams into output bit streams in any of four selectable codes. The codes are stored 
in compact “lookup-table” programmable read-only memories in a fault-tolerant redundant scheme. 
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Single-Fiber Optical Link for Video and Control 

A simple, wideband fiber replaces a complicated, limited-bandwidth metal cable. 


John F. Kennedy Space Center, Florida 


A single optical fiber carries control sig- 
nals to remote television cameras and 
video signals from the cameras. The fiber 
replaces a multiconductor copper cable, 
with a consequent reduction in size. The 
nonmetallic fiber provides immunity to elec- 
tromagnetic interference at suboptical fre- 
quencies and is much less vulnerable to 
electronic eavesdropping and lightning 
strikes. Its multigigahertz bandwidth is more 
than adequate for high-resolution television 
signals. 

The fiber-optic link is 8 km long; unlike 
in the multiconductor cable, repeaters are 


not needed. The system will work with either 
multimode- or single-mode fiber types. A 
computer generates the feedforward con- 
trol signals (pan, tilt, zoom, and focus) for 
eight cameras. They are multiplexed and 
transmitted at a wavelength of 1,550 nm 
on two audio subcarriers (see figure). A 
4.75-MHz-wide video control signal is 
transmitted on the same 1,550-nm carrier. 

From each camera, signals are trans- 
mitted back to the control station on 
another optical carrier, which has a wave- 
length of 1,300 nm. These signals include 
multiplexed feedback status signals on 


audio subcarriers and 8.5-MHz-wide video 
signals for each camera. 

This work was done by F. Houston 
Galloway of Boeing Aerospace Operations, 
Inc., for Kennedy Space Center For fur- 
ther information, Circle 15 on the TSP Re- 
quest Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Kennedy 
Space Center [see page 26], Refer to 
KSC-11571. 



Optical Signals Travel in opposite directions on the optical fiber at different wavelengths. The single fiber is used in place of a multiconduc- 
tor coaxial and twisted-pair cable with repeaters. 

Add/Compare/Select Circuit for Rapid Decoding 

A prototype decoding system operates at 200 Mb/s. 

Lewis Research Center, Cleveland, Ohio 


The ACS (add/compare/select) gate ar- 
ray is a highly integrated emitter-coupled- 
logic circuit that implements arithmetic op- 
erations essential to the Viterbi decoding 
of convolutionally encoded data signals. 
The principal advantage of the circuit is 
speed: commercially available Viterbi de- 
coders are limited to tens of Mb/s, but the 
ACS gate array can operate at rates of hun- 
dreds of Mb/s. 

The computationally intensive part of 
the Viterbi decoding algorithm is the ACS 
operation, which involves additions, com- 
parison of the sums, and selection of the 
smallest sum. One ACS operation is re- 
quired for each state of the code. General- 
ly, as each code symbol is received at the 
fth increment of time, the ACS operation 
is performed for each of the code states: 
S it = min / (S y (,_■,) + (,_.,)) 

where each code state is said to have / 
branches leading into it. Each of these ACS 
computations must be completed for each 
of the code states within the duration of 


one symbol. If, for example, the symbol rate 
is 100 MHz, then all of these ACS opera- 
tions must be completed in 10 ns. 

Massively parallel computation is nec- 
essary to attain such high speeds. In a 
typical parallel processor dedicated to this 
problem, one ACS module would be used 
for each code state. Because of the man- 
ner in which the code states interconnect, 
it is not feasible to partition the ACS mod- 
ules into larger sets with minimal connec- 
tions between them. Furthermore, all the 
modules must communicate with each 
other within one symbol period. Therefore, 
the high-speed ACS unit must be highly in- 
tegrated to avoid the effects of delays in 
wired connections. 

This prototype ACS gate array performs 
the ACS operation at over 1 00 MHz. (Count- 
ing each addition and each comparison as 
one arithmetic operation, it performs over 
1.5 billion arithmetic operations per se- 
cond.) The circuit includes eight 8-bit 
adders and a tree of comparators. The ad- 
ders compute (Sy( f _i) + 1( ), while the 


comparators find the minimum of these 
sums. The minimal sum is selected and 
sent to the output terminals. This opera- 
tion is completed in less than 1 0 ns, allow- 
ing for Viterbi decoding at over 200 Mb/s, 
the exact throughout depending on the 
code rate. 

The ACS gate array is very flexible: it 
can operate as a single unit that performs 
eight additions and finds the minimum of 
the eight sums, or it can operate as two 
independent units, each performing four 
additions and finding the minimum of its 
four sums. This flexibility enables applica- 
tion to a variety of different codes. The ACS 
gate array includes built-in self-testing cir- 
cuitry, which enables the unit to be tested 
at full speed with the help of only a very 
simple test fixture. 

This work was done by James M. 
Budingerof Lewis Research Center and 

Neal D. Becker and Peter N. Johnson of 
Communications Satellite Corp. No further 
documentation is available. 

LEW-15253 
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Electronic Components and Circuits 


Fast Overcurrent Tripping Circuit 

An electronic circuit breaker consumes little power. 


Lewis Research Center, Cleveland, Ohio 


Of: Two 
IRFK4H2S0 


20 pF 

OrtfOff 
Command 
Signals 
From *iC 



ORIGINAL SWITCHING CIRCUIT 



The Fast Overcurrent Tripping Circuit is incorporated without modifying the original 
switching circuit other than making the connections at points A through F. 


A fast overcurrent tripping circuit is de- 
signed for incorporation into a power metal 
oxide/semiconductor field-effect transistor 
(MOSFET) switching circuit. The over- 
current tripping circuit serves as a fast 
electronic circuit breaker by sensing the 
voltage across the MOSFET’s during con- 
duction and switching the MOSFET's off 
within 1 )ms after this voltage exceeds a 
reference value that corresponds to the 
tripping current. The overcurrent tripping 
circuit acts much more quickly than does 
a Hall-effect current sensor and. in com- 
parison with shunt current-measuring cir- 
cuits, is smaller and consumes less power 
(it draws less than 10 mA). It also ignores 
initial transient overcurrents during the first 
5 fis of the switching cycle. 

The original power-MOSFET switching 
circuit contains an optoisolator and a dc- 
to-dc converter, which isolate the MOSFET- 
driving portion (see figure). During the “on" 
portion of the switching cycle, the voltage 
at point C is near 120 V. No provision is 
made for sensing of overcurrent or quick 
turnoff in the original circuit. The fast over- 
current tripping circuit is added to the 
original circuit by connecting it at points 
A through F. 

The drain-to-source resistance of Q, 
(the parallel combination of two IRFK4H250 
power-MOSFET packages) during the “on" 
portion of the operating cycle is 0.01 fi. It 
is desired to make the circuit trip at a drain- 
to-source current of 500 A, which is 10 
times the normal operating current of 
l DS = 50 A. Therefore, the overcurrent- 
tripping reference drain-to-source voltage 
is set at V DS = 0.01 fi x 500 A = 5 V. 

When the external control circuit, fiC, 
sends the "on" command to the MOSFET- 
driving circuitry during normal operation, 
the voltages at points A and B go low and 
U 2 turns on Q,. Immediately after Q, has 
been turned on, the output of comparator 
U 4 is low. 

Previously, while Q, was off, V DS was 
120 V. Once Q, is on, V DS falls to V DS = 
l DS X 0.01 (1 (where l DS = the drain-to- 
source current). At first, the reference 
voltage at pin 3 of U 4 is kept high so that 
the initially high values of V DS caused by 
initial transient surges of current do not 
cause false tripping. After 5 ns, C, has 
discharged to 5 V. Thereafter, '* V DS ex- 
ceeds 5 V (signifying l DS > 500 A), the 
output of U 4 goes high, causing the 


MOSFET driver to turn Q, off. D 2 con- 
ducts current to 10-V zener diode D v 
which keeps pin 2 of U 4 at 10 V, latching 
the output of U 4 high. This prevents Q, 
from turning on again after it has been 
turned off in response to a very short tran- 
sient of excessive l DS . 

Once the circuit has been thus tripped, 
it can be reset only by an "off" command 
from /tC to the FET-driving circuitry. When 
this command is received, the voltage at 


point A goes high, C, is charged up to 15 
V in 1.5 ns, and the output of U 4 goes low. 
Then /iC can command Q, on and off at 
any time. 

This work was done by Craig C. 
Sullender, Bryan L. Davies, and Stephen 
H. Osborn of Rockwell International Corp. 

for Lewis Research Center No further 
documentation is available. 

LEW-15022 
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Can you pick out the right 
EMI solution for your design? 

We can. 


It's easy to achieve electro- 
magnetic compatibility when you 
know what product to use. And 
where to use it. 

But you don’t have to know the 
difference between wire mesh and 
finger stock to succeed. You just have 
to know Instrument Specialties. 

We start at the drawing 
board, so you don’t have to 
go back to it. 

Our engineers work with yours to 
develop a total shielding solution 
right from the design stage. It can 
save plenty of costly rework — 
and worry. 

Say goodbye to frantic 
product searches. 

Everything you need is already in- 
house or in stock — whether it's con- 


ductive elastomers, wire mesh, or 
the best beryllium copper fingers 
(to name just a few)... plus specified 
platings. With our prompt shipping, 
off-the-shelf parts can be at your door 
in no time. And our capabilities like 
CAD/CAM, photoetching and wire 
EDM not only make customization 
fast and easy, but downright 
economical too — especially with 
Finite Element Analysis, which tests 
parts before production. 


You don't even have to go 
somewhere else for certified 
testing. 

V\fe can test for all current EMC 
specs and standards, at your facility 
or ours. And with our EMC experts 
helping you from design to produc- 
tion, passing the test will be a lot 
easier. 

So why settle for just shielding, 
when you can have solutions? Call 
Instrument Specialties today at 
717-424-8510, and find out what it's 
like to be EMC worry-free. 



Instrument Specialties 


Headquart«n: Delaware Water Gap, PA 18327-0136 
TEL: 717-424-8510 FAX: 717-424-6213 
Western Division: 505 Porter Way, Placentia, CA 92670 
TEL: 714-579-7100 FAX: 714-579-7105 

European Division: Champ Tignee 34, 4671 Barchon, Belgium 
TEL: +32-41-877170 FAX: +32-41-877175 




Analog-to-Digital Converter for Sum-of-Squares Measurements 

Notable features include low power and fast conversion. 

Lewis Research Center, Cleveland, Ohio 


An analog-to-digital converter (ADC) cir- 
cuit (see figure) is designed as part of a 
larger circuit intended to measure the root- 
mean-square current on a 20-kHz power- 
line. The ADC provides a digital output of 
11 bits of data plus a 1-bit overflow signal 
at a sampling rate of 4 MHz. The output 
of the ADC is processed by multiplying- 
and-accumulating circuitry to obtain the 
sum of squares and digitized current sam- 
ples accumulated during a preset number 
of consecutive sampling periods. One 
could also use the digitized current sam- 
ples from the ADC directly as alternative 
or auxiliary output. Other ADC's on the 
market can provide 12 bits at a greater 
sampling rate, but each of them consumes 
more than 6 W of power. Even with the 
multiplying-and-accumulation circuitry, the 
ADC consumes less than 500 mW. 

The current is sensed by a Hall-effect 
device, which was chosen because it can 
be electrically isolated from the powerline. 
Operational amplifier 2 compensates for 


the offset that occurs in a Hall-effect de- 
vice operated with a monopole voltage ref- 
erence. The offset input to operational 
amplifier 2 is taken from the output of 
operational amplifier 1 so that when the 
voltage on the Hall-effect device drifts, the 
value of the offset changes at the same 
rate. The output of operational amplifier 2 
goes to operational amplifier 3, which is 
a 140-kHz filter. The output of operational 
amplifier 3 goes to the variable resistor 
R 2 , which determines the gain of the in- 
put to the summing junction at operational 
amplifier 4. 

Operational amplifiers 4 and 5 act to- 
gether as an error amplifier. Operational 
amplifier 4 acts as a summing node, and. 
its output is proportional to the sum of the 
negative output of the digital-to-analog con- 
verter and the positive output of opera- 
tional amplifier 3. Operational amplifier 5 
has a gain of 16, which is chosen to scale 
the error signal to the proper amplitude for 
the flash converter. The input to the flash 


converter has an offset voltage level of 0; 
an input above at, or below 2.5 V is consid- 
ered positive, zero, or negative, respectively. 

The positive or negative output of the 
flash converter is added to the previous 
value of current provided by the latch cir- 
cuits, which also feed the output data lines. 
The outputs of the adders are fed back to 
the digital-to-analog converter, which pro- 
vides input to the summing node of opera- 
tional amplifier 4 to generate a new input 
for the flash converter. 

The output can be scaled by adjusting 
R 2 . The zero offset is adjusted by adjust- 
ing R 49 . These two adjustments affect each 
other and must be performed together. 

This work was done by Stephen H. 
Osborn, Bryan L. Davies, and Craig C. 
Sullender of Rockwell International Corp. 
lor Lewis Research Center For further 
information, Circle 91 on the TSP Request 
Card. 

LEW-15025 



The Digital-to-Analog Converter digitizes the output of a Hall-effect current sensor to 11 bits at a sampling rate of 4 MHz. 
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Miller-Stephenson, leader in specialty chemicals, introduces a new line 
of environmentally responsive solutions. These products contain NO 

CFC's or METHYL CHLOROFORM. NO CLASS 1 LABELING REQUIREMENTS. 
NO CFC EXCISE TAXES. 


For more information, please fill out the coupon and attach your 
business card or call (203)743-4447. For technical information, call 
( 800 ) 992-2424 (8-4 Eastern Time). In Canada call (800) 323-4621 
(8-4 Eastern time). 
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Magnetic Direct-Current-Measuring Circuits 

Current is measured via saturation/unsaturation transients in magnetic cores. 
Lewis Research Center, Cleveland, Ohio 



The Magnetic Direct-Current-Measuring Circuits measure large main currents via elec- 
tromagnetic transients between pulsed saturation and dc magnetic fields in toroidal cores. 


Two circuits measure large direct cur- 
rents (as much as 150 A) in main conduc- 
tors by use of the magnetic fields pro- 
duced by these currents in glassy metal 
toroidal ferromagnetic cores that surround 
the main conductors (see figure). In both 
circuits, the direct currents to be measured 
are deduced from the transient voltages 
generated in multiturn windings by the 
transitions between the magnetic fields 
produced by the measured currents and 
the saturation magnetic fields of the cores. 

The figure illustrates both circuits in 
greatly simplified form. In the basic circuit, 
pulses of alternating polarity are applied 
to a 500-turn winding on the core to reset 
the core to saturation alternately in one 
direction, then in the other direction. Dur- 
ing each interval between saturating 
pulses, the transition from the saturation 
magnetic field to the magnetic field pro- 
duced by the measured current generates 
a transient voltage in the winding. This 
transient voltage is applied to sensing re- 
sistors and sampled. 

Depending on the polarity of the saturat- 
ing current and of the current to be meas- 
ured, the transient voltage during one 
sampling interval is approximately propor- 
tional to I+NI S (where / is the current to 
be measured and l s is the magnitude of 
the saturation current), while the transient 
voltage during the next sampling interval 
is proportional to Nl s -I, or vice versa. A 
comparator subtracts samples from each 
other in sequential pairs to obtain an out- 
put voltage proportional to /. 

In the more advanced circuit, the wind- 
ing on the core consists of 1,000 turns, and 
the durations of the saturating pulses are 
repeatedly adjusted so that each pulse is 
terminated as soon as saturation is de- 
tected. This feature reduces the consump- 
tion of power and heating by preventing 
the waste of saturation current. A 10-mV 
spike transient across the sensing resistor 
indicates the moment of saturation; when 
the circuit senses this transient, it turns 
off the saturating pulse. 

This circuit requires an average satura- 
tion current of 50 mA to measure a main 


current of 150 A, whereas the basic cir- 
cuit requires about six times as much 
average saturation current. The use of 
pulse-width modulation also helps to main- 
tain accuracy at high measured currents. 

This work was done by Craig C. 


Sullender, Daniel D. Johnson, Dan E. 
Walker, Marek Gajewski, and Dale S. 
Krasnow of Rockwell International Corp. 

for Lewis Research Center. For further 
information, Circle 44 on the TSP Request 
Card. LEW-15070 


Another Nulling Hall-Effect Current-Measuring Circuit 

Features include reduced weight and increased accuracy and stability. 


Lewis Research Center, Cleveland, Ohio 


A lightweight, low-power circuit (see fig- 
ure) provides noncontact measurement of 
an alternating or direct current of many am- 
peres in a main conductor. The circuit is of 
the nulling Hall-effect type, which has been 


described previously in NASA Tech Briefs. 
To recapitulate: The current in the main 
conductor produces a magnetic field in a 
toroidal ferrite core through which it pass- 
es. A small current in a multiturn coil wound 


on the core (about 1/500 the main current 
in this case) opposes the magnetic field 
produced by the main current. A Hall-effect 
sensor in a gap in the core measures the 
net magnetic field, and the associated cir- 
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INSTRUMENTATION 
DATA COLLECTION 
AT ITS VERY 



BEST 


DATATAPE’s 19mm cassette tape recorder 
was developed to satisfy today’s need to 
store massive amounts of technical data for 
analysis. Being a world leader in data col- 
lection, DATATAPE’s recorders have taken a 
leading role in space, flight test, in hostile 
environments on land, and at sea. Our 
DCTR-LP Series of recorders are 19mm 
based, conforming to the ANSI (American 
National Standard Institute) format specifi- 
cation for ID-1 as specified in ANS X3.175 
-1990, or MIL-STD-2179A. D-1 cassettes are 
available in three sizes (S, M and L), allow- 
ing you to efficiently and economically use 
the DCTR-LP Series for a wide range of 
applications. The DCTR-LP Series records 
over a continuously variable 8:1 input range 
from 25 to 400 Mbits/sec. There are four 
user defined reproduce rates over the 8:1 
range to ensure maximum data handling 
capability. EDAC is utilized to provide Bit 
Error Rates of 1 x 10' 10 or better. 


360 Sierra Madre Villa, Pasadena, CA. 91109-7014 
For information on Data Collection Systems and 
Magnetic Head Replacements call (818) 796-9381 
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cuitry responds to this measurement by 
repeatedly adjusting the current in the 
500-turn coil to bring the net magnetic field 
toward zero. 

This and other nulling Hall-effect cur- 
rent-measuring circuits offer two important 
advantages over nonnulling Hall-effect cur- 
rent-measuring circuits: (1) the size and 
weight of the core can be kept low be- 
cause there is no need for the large core 
that would otherwise be needed to prevent 
magnetic saturation, and (2) operation at 
the null point increases the linearity and 
temperature stability of the response of the 
Hall-effect sensor. 

In this circuit, the output voltage of the 
Hall-effect sensor is integrated, amplified, 
and applied to an analog-to-digital con- 
verter. The output of the analog-to-digital 
converter is also converted back to analog, 
in which form it is used to drive the cur- 
rent in the multiturn (in this case, 500-turn) 
coil. The output of the Hall-voltage inte- 
grator (and the corresponding outputs of 
the analog-to-digital converter, digital-to- 
analog converter, and current in the 500- 
turn coil) increases until the net magnetic 
field in the core falls to zero, as signaled 
by zero Hall voltage. At this null point, the 
output of the analog-to-digital converter is 
a measure of the small current in the 500- 
turn coil. 

The exact proportionality between the 
small and main currents can be determined 


via a calibration reading and can be ad- 
justed by adjusting the reference voltage 
supplied to the digital-to-analog converter. 
One of the advantages of this circuit over 
other nulling Hall-effect current-measuring 
circuits is that stability and accuracy are 
increased by putting both the analog-to- 
digital and digital-to-analog converters in 
the nulling feedback loop. These convert- 
ers and the rest of the circuit are designed 


for operation at a sampling rate of 100 kHz, 
but this rate can be changed to alter the 
time or frequency response of the circuit. 

This work was done by Phillip E. 
Thibodeau and Craig C. Sullender of 
Rockwell International Corp. for Lewis Re- 
search Center For further information, 
Circle 43 on the TSP Request Card. 
LEW-15069 



This Nulling Hall-Effect Current-Measuring Circuit uses a small current to measure a large 
current by canceling the magnetic field produced by the large current in what amounts to 
a 1-to-500 toroidal-core transformer. 


Electric-Field Instrument With ac-Biased Corona Point 

Measurements indicative of incipient lightning could be made to yield additional information. 
John F. Kennedy Space Center, Florida 


An instrument that measures the elec- 
trostatic potential of the atmosphere at a 
preset height (usually about 18 m) above 
the ground is an improved version of the 
old corona-point sensors that were used 
to measure electric fields associated with 
clouds capable of producing lightning. The 
corona-point sensors gave unreliable read- 
ings, but the new instrument gives reliable 
readings. There is a plan to deploy a net- 
work of the instruments along with a net- 
work of electric-field-measuring instruments 
called “field mills,” which are mounted 
close to the ground. 

By utilizing the measurements from 
both sets of instruments, one could esti- 
mate the density of the space charge of 
ions that have been put into the air by 
corona discharges in the vicinity and that 
have been blown into the vicinity by the 
wind. Knowledge of the space charge is 
important because it distorts the meas- 
urements of the field mills: in effect, the 
space charge makes the field mills less 
sensitive to the cloud-to-ground electric 
fields associated with lighting. To deter- 


mine space-change density, it is neces- 
sary to measure the electric field or poten- 
tial at a point well above ground level as 
well as the electric field at ground level. 
This is facilitated by the characteristic of 
corona systems to work best when the 
needle is elevated on a mast, while it is 
difficult to operate field mills in such loca- 
tions. Thus, the improved corona-point in- 
strument is expected to yield additional 
information that may assist in the safety- 
oriented forecasting of lighting. 

The old corona-point sensors yielded 
unreliable readings in two respects: (1) they 
were so sensitive to winds that they acted 
more like anemometers than like the po- 
tential probes they were meant to be; (2) 
grounded points (like the old corona points) 
do not go into corona until thunderstorm 
electric fields rise to about 2 kV/m. Thus, 
even during thunderstorms, the old corona- 
point sensors did not function 20 to 50 per- 
cent of the time. 

The new instrument overcomes both 
limitations. To suppress the modulation by 
wind, a resistance of 5 x 10 10 Q is placed 


in the path of the discharge current. This 
ensures that most of the resistive voltage 
drop between the ground and the atmos- 
phere occurs across this known, stable 
resistance rather than across the wind- 
sensitive variable resistance of the cloud 
of ions around the corona needle. 

To overcome the 2-kV deadband, the 
needle is kept in corona at all times by use 
of a 60-Hz ac high-voltage power supply, 
which is connected to the corona needle 
through a capacitor network bridging the 
input resistor array. The high alternating 
voltage maintains a cloud of ions around 
the point, so that current can flow, even 
during weak fair-weather electric fields. 

The improved corona-point instrument 
(see figure) includes a sharply pointed stain- 
less-steel needle 3 in. (about 8 cm) long, 
which protrudes from the end of a metal 
rod ’/2 in. (about 13 mm) in diameter and 
8 ft (about 2.5 m) long, which extends up 
from a poly(methyl methacrylate) tube 10 
ft (about 3 m) long and 3 in. (about 8 cm) in 
diameter. The tube contains the 5x 10 10 -Q 
resistor and capacitor network potted in an 
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Low Profile 15 -W DC/DC Converters 

The new AHV 2800 series of 15W DC/DC 
converters features high power densities and 
ruggedized low-profile packages only 0.405 
inches high. They are available in single, dual 
and triple output models and are full)’ com- 
pliant with MIL-STD-704 (A-E), MIL-STD 883 
and MIL-H-38534. All AHV 2800 DC/DC con- 
verters withstand the 80- Volt surge requirement of MIL-STD -704A 
and operate over the full military temperature range of -55'C to 
+125*C with no derating of power output. These devices all have 
nominal 28 VDC inputs and operate over a 16 VDC— 40 VDC range. 
The AHV 2800 series feedback design is impervious to temperature, 
radiation, ageing or variations in manufacture. The unique circuitry 
provides high control loop gain, high phase margin, and an extremely 
wide bandwith. 

For More Information Circle Action No. 374 

High-power 40-W 
DG/DC Converter 

The AFW 
2805S hybrid 
DC/DC con- 
verter features 
high power 
density and 
full military 

temperature range operation without 
output power derating. The advanced 
feedback design provides fast loop re- 
sponse for superior line and load tram 
ient characteristics and offers greater 
reliability than devices incorporating 
optical feedback circuits. The basic 
circuit topology is a push-pull config- 
uration operating at a nominal switch- 
ing frequency of 500Khz. 

This device is designed to meet 
MIL-STD 704A input requirements 
offering full performance over a 16- to 
50-Volt input range and operating at 
80 Volts for 100 milliseconds or 100 
volts for up to 5 milliseconds. The AFW 
2805S is packaged in a rugged parallel 
seam welded steel case using ceramic 
feedthrough pins to assure true long 
term hermeticity. 

For More Information Circle 378 

Space Application 
DC/DC Converters 

Advanced Analog's high-perfor- 
mance DC/DC converters are now 
being shipped for mission-critical 
space applications. To meet space 
requirements, proven radiation 
hardened components are used in all 
necessary areas, such as the custom 
integrated circuits and power 
MOSFETs. And. because the magnetic 
pulse feedback circuits do not use opto- 
couplers or generate spurious RF 
energy, they are unaffected by time, 
temperature or radiation. These con- 
verters are all implemented using thick 
film hybrid technology and are fully 
certified and qualified to MIL-STD 883. 

For More Information Circle 379 


Low Profile 12-W DC/DC Converters 

The AHF 2800 series of DC/DC 
converters feature single or dual outputs over 
the full military temperature range. No derat- 
ing in output power is required, making them 
suitable for use in rugged military applica 
tions. The low profile, small outline package 
is ideally suited to the tight board space re- 
quirements of many industrial and aerospace applications. Designed 
for nominal 28 VDC inputs, this family of converters meets all the 
requirements of MIL-STD-704D. 

The proprietary magnetic feedback circuit provides for an 
extremely wide bandwidth control loop with a high phase margin. 
These converters are manufactured in a facility fulh qualified to 
MIL- STD-1772. Two temperature ranges and screening grades are 
available to satisfy a wide range of requirements. 


Triple Output 30-W DC/DC Converter 

The ATR 2815T triple output DC/DC 
converter provides 30 watts of output power 
over the full military temperature range with 
no derating. This device is pin compatible 
with ATO series converters but offers twice 
the maximum output power in a lower profile 
package. A custom CMOS ASIC pulse width 
modulator and a patented magnetic feedback circuit reduce circuit 
complexity and enhance reliability. This converter provides 500-Volt 
input to output isolation and operates in a highly efficient single 
forward mode. 

The advanced design features an extremely wide bandwidth 
control loop with high gain and phase margin. The control loop is 
compensated to provide optimum performance over the full military 
temperature range and over the 16 to 40- Volt input voltage range. 
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Advanced Analog, 2270 Marlin Aw., Santa 
I Clara, CA 95060 

|^Phone: ( 408)988-1930 FAX (408) 988-2702 j 


You’ve Probably Seen OurDESC-Approved 
DC/DC Converters OnTV 


For today’s high-performance 
military and aerospace designs, 
Advanced Analog’s line of DC/DC 
converters is clearly the one to 
watch. We proved our stripes during 
Desert Storm. We are also the first 
hybrid DC/DC converter supplier 
approved by DESC on Standard 
Military Drawings (SMDs). 

Now we’re way ahead in this sea- 
son's ratings for “smart” electronics 
applications. With 48 new power 
supply products on the DESC/SMD 
source list, we're the one to turn to 
for your mission-critical application. 


Advanced Analog’s new AHE 2800, 
.AHF 2800, ATO 2800 and ATW 2800 
Series devices offer single, dual and 
triple-channel designs, with power 
outputs from 12 to 30 watts. They’re 
manufactured in our MlL-STD-1772 
certified and qualified facility, and 
feature full military screening and 
proven reliability. 

Advanced Analog is the recognized 
technology leader in high-reliability 
hybrid microcircuits for military and 
aerospace markets. Our components 
have performed in the toughest 
environments imaginable — from the 


Patriot missile to the MLRS to the 
Space Shuttle to the C-17 aircraft. 
Plus a range of high-performance 
graphics, medical, datacomm and re- 
mote monitoring applications. 

For reliability, performance and 
fast time to market, these off-the- 
shelf power supplies are in a class by 
themselves, lb find out more, call 
(408) 988-4930 today'. Or fax us at 
(408)988-2702. 



Advanced 

Analog 

a division of Intech 
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ANY OTHER SCOPE 

IS LESS THAN 

COMPLET 

Only Nicolet has the complete answer for acquiring, 
manipulating, interpreting and reporting data with Pro 
System Digital Oscilloscopes. These high precision 
instruments - up to 14 bits - provide real data that’s 
not cosmetically enhanced. And built-in programming 
and software to give you complete solutions accurately 
and quickly. They also feature up to 1M memory per 
channel, reliable real-world triggering, differential 
amplifiers and 0.25% guaranteed accuracy. Is our story 
complete? Almost. Just call 
Nicolet for the rest of the 
facts. 1-800-356-8088. 



Nicolet 

INSTRUMENTS OF DISCOVERY 

Nicolet Measurement Instruments 
Madison, Wisconsin, I SA 5371 1-1495 
608/271-3333, FAX 608/273-5061 
In Canada call: 800/387-3385 


electrically insulating silicone compound. 
The needle is connected through this high 
resistance to a circuit that measures the 
slowly varying (at frequencies s 10 Hz) 
component of the discharge current that 
in turn, is indicative of the potential of the 
atmosphere around the needle with re- 
spect to ground. Electric-field intensity (if 
desired) can be calculated by dividing the 
potential at the top of the pole by the height 
of the pole (in meters) times an experi- 
mentally determined constant. 

This work was done by R. Markson, B. 
Anderson, and J. Govaert of Airborne Re- 
search Associates for Kennedy Space 
Center. For further information, Circle 90 
on the TSP Request Card. 

KSC-11507 
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High-Voltage ac Bias applied to the needle 
point through a high-resistance capacitance 
network provides a corona discharge at all 
times, enabling the more-slowly-varying 
component of electrostatic potential of the 
needle to come to equilibrium with that of 
the surrounding air. The high resistance of 
the high-voltage coupling makes the instru- 
ment insensitive to wind. 
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Nulling Hall-Effect 
Current-Measuring Circuit 

Accuracy of measurement does not depend 
on linearity of the sensing components. 

Lewis Research Center, Cleveland, Ohio 

A circuit measures electrical current via 
a combination of Hall-effect-sensing and 
magnetic-field-nulling techniques. A known 
current generated by a feedback circuit is 
adjusted until it causes the cancellation 
or near cancellation of the magnetic field 
produced in a toroidal ferrite core by the 
current to be measured. The remaining 
magnetic field is measured by a Hall-effect 
sensor. The circuit puts out an analog sig- 
nal and a digital signal proportional to the 
current to be measured. 

The current I, to be measured, which 
lies in the range ±5 A, is carried by coil 

1 (N 1 = 1 turn) wound on the core. The 
opposing magnetic field is generated by 
the feedback-controlled current l 2 in coil 

2 (N 2 = 500 turns, 32-gauge wire), which 
is wound on the core in the opposite direc- 
tion. The Hall-effect sensor is inserted in 
a small gap in the core, where the mag- 
netic field is concentrated (see figure). 

When N 1 1, = N 2 I 2 , the two opposing 
magnetic fields cancel and the Hall-effect 
sensor puts out zero voltage. Otherwise, 
when I., increases above (or decreases 
below) this null point, the Hall voltage in- 
creases (or decreases) and causes the 
output of the comparator to go high (or 
low); this, in turn, causes the up/down 
counter to count up (or down). The digital 
output of the up/down counter is fed to the 
digital-to-analog converter, and the in- 
crease (or decrease) in the count causes 
an increase (or decrease) in the voltage 
applied to the voltage-to-current converter 
that supplies l 2 to coil 2. 

By this process, l 2 continues to increase 
(or decrease) until N 2 I 2 = N,!, and the 
Hall voltage comes within a small range 
near 0 V within which range the window 
comparator disables the counter and causes 
the clocking, into the latch, of the digital 
word that represents the most recent 
count. This count is proportional to l 2 and, 
therefore to l v the current to be meas- 
ured. In a test, the circuit was found to pro- 
vide accurate measurements of a ±5-A, 

10-Hz sinusoidal current in coil 1. As pre- 
dicted by the equation N 1 I 1 = N 2 I 2 , an l 2 
of only ±10 mA was sufficient to achieve 
the null condition. 

One of the principal advantages of this 
circuit is that it measures the small null- 
ing current rather than the large unknown 
current. Because the circuit operates at 



The Current-Method Circuit is relatively insensitive to nolinearities 
in the sensing components because it maintains nearly zero net 
magnetic field in the core. 



For More Information Circle No. 695 
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or near null magnetic field in the core, the 
accuracy of the measurement does not 
depend on the linearity of the core or of 
the Hall-effect sensor. By preventing mag- 
netic saturation of the core, nulling extends 
the range of measurable current. The 


placement of the digital-to-analog convert- 
er in the feedback loop increases the ac- 
curacy of the measurement. The frequen- 
cy of the clock that controls the up/down 
counter can be changed to adjust the 
response of the feedback loop. 


This work was done by Craig C. 
Sullender, Juan M. Vazquez, and Robert 
I. Berru of Rockwell International Corp. for 

Lewis Research Center. No further doc- 
umentation is available. 

LEW-15023 


Faster Hall-Effect Current-Measuring Circuit 

A simpler circuit puts out a pulse-width-modulated signal. 

Lewis Research Center, Cleveland, Ohio 


A current-measuring circuit operates on 
Hall-effect-sensing and magnetic-field-nul- 
ling principles similar to those described 
in the preceding article, "Nulling Hall-Ef- 
fect Current-Measuring Circuit," but is sim- 
pler and responds faster. Usually, nulling 
Hall-effect circuits like the preceding one 
have responses slower than those of the 
Hall devices in them. To obtain faster re- 
sponse, the present circuit is designed with- 
out a feedback loop, and analog pulse- 
width-modulated output (instead of digital 
output, as in the preceding circuit) indi- 
cates the measured current. This circuit 
can measure current at a frequency higher 
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The MS-DOS PC software for the 
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than the bandwidth of its Hall-effect sensor. 

As in the preceding circuit, a small cur- 
rent l 2 in a coil of N 2 turns on a toroidal 
ferrite core generates a magnetic field in 
the core. This magnetic field counteracts 
the magnetic field generated in the core 
by a larger current /, (the current to be 
measured) flowing in a coil of A/, turns 
wound on the core. As in the preceding 
circuit, when A/ 1 / 1 = N 2 I 2 , the net mag- 
netic field in the core is zero, and the Hall- 
effect sensor puts out zero voltage. Also, 
as in the preceding circuit, this method of 
comparison prevents magnetic saturation 
of the core, confines magnetic-flux densi- 
ty at the Hall-effect sensor to a very small 
operating range, and extends the range of 
measurable current. 

In this circuit (see figure), l 2 is a 25-kHz 
triangular waveform. When A/,/, > N 2 I 2 , 
the Hall voltage is positive and the output 
of the comparator is low. As l 2 ramps up 
to make A/,/, < N 2 I 2 , the Hall voltage 


goes negative, causing the output of the 
comparator to go high. After i 2 reaches its 
peak, it ramps down again, and when NJ 2 
once again passes below A/,/,, the output 
of the comparator goes low. I 2 continues 
to ramp down, then ramps up again, and 
the cycle repeats. As /, increases, the 
time during which N^ 2 exceeds A/,/, (and 
the output of the comparator is high) grows 
shorter. Thus, the output of the comparator 
is a 25-kHz rectangular wave in which the 
durations of the high and low output levels 
are measures of the current . In experi- 
ments with a prototype of this circuit, /, 
was measured at the 25-kHz sampling rate 
with an F. W. Bell Hall-effect device, which 
has a bandwidth of 6 kHz. 

This work was done by Craig C. Sullender, 
Daniel D. Johnson, and Daniel D. Walker 
of Rockwell International Corp. for Lewis 
Research Center No further documen- 
tation is available. 

LEW-15024 



This Simple, Fast Nulling Hall-Effect Current-Measuring Circuit puts out a pulse-width 
modulated signal. The leading and trailing edges of the output pulses mark the times when 
a known triangular measuring-current waveform nulls the magnetic field produced by the 
measured current. Thus, the pulse-width modulation is an indication of the measured current. 


For More Information Circle No. 435 
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and it’s FREE! 


Just send in the attached card today 
to reserve your copy of our new 1993-1994 
catalog! This indispensable resource 
contains 1536 pages filled with | 

more than 35,000 quality products. 
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Catalog . . . 
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of Products 

If you work in Research, 

Industry, or Education, you 
need the new Cole-Parmer 
1993-94 Catalog! You'll 
find 1536 pages featuring 
more than 35,000 
quality products. 
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Quality Service 

Cole-Parmer is dedicated 
to providing you with 
quality service. You’ll 
receive helpful assistance 
whenever you call our 
Application Specialists, 
our Sales Staff, or our 
Customer Satisfaction 
Associates. 
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Electronic Systems 


Generalized Adaptive Artificial Neural Networks 

Some of the restrictions of a prior mathematical model are removed 
NASA's Jet Propulsion Laboratory, Pasadena, California 


A mathematical model of supervised 
learning by an artificial neural network pro- 
vides for simultaneous adjustments of both 
the temperatures of the neurons and the 
synaptic weights (the strengths of the syn- 
aptic connections), and can include feed- 
back as well as feedforward synaptic con- 
nections. This is an extension of the 
mathematical model described in "Adap- 
tive Neurons for Artificial Neural Networks” 
(NPO-17803), NASA Tech Briefs , Vol. 14, 
No. 12 (December 1990), page 25. That 
model included feedforward synaptic con- 
nections only. In addition, the dynamics 
of the neural network are represented in 
the new model by a less-restrictive con- 
tinuous formalism, whereas in the prior 
model, the dynamics were represented by 
a more-restrictive discrete formalism. 

In this as in other models, the N neurons 
of the network are divided into sets of in- 
put, hidden, and output neurons (see fig- 
ure). The response of each neuron to the 
sum of its inputs is a sigmoid function. The 
“temperature" mentioned above is not 
really a temperature but is a parameter 
that governs the shape of the sigmoid 
curve. The dynamical state of the system 
consisting of a network of N neurons is 
represented by a point in the /V-dimension- 
al space of the activities (outputs) of the 



this model as in other mathematical models 
of neural networks. The parameters of the 
neurons and synapses are adjusted during 
learning to force the outputs toward the cor- 
rect values. 

neurons. The trajectory of this point is 
described by a set of N coupled, dissipa- 
tive, first-order, linear differential equations 
in which the synaptic weights and the tem- 
peratures are regarded as quasi-static or 
adiabatically varying in the sense that they 
vary on time scales much greater than 
those that characterize the relaxation of 
the network to a steady state. 

As in the prior model, supervised learn- 
ing is an iterative process in which a train- 


ing set of stimulus vectors is applied to the 
input neurons and the responses of the 
output neurons are forced toward the cor- 
rect responses by adjusting the tempera- 
tures and synaptic weights of all the neu- 
rons. For this purpose, the error in the 
responses of the output neurons is quan- 
tified as the sum-square difference be- 
tween the actual and correct quasi-steady 
responses of the output neurons. 

The gradients of this error function are 
computed in the vector spaces of the syn- 
aptic weights and temperatures (actually, 
the reciprocals of the temperatures). Then 
the adjustments are made in the form of 
motions down the gradients of the error 
function in the vector spaces of the synap- 
tic weights and reciprocals of temperatures. 
The resulting motions traveled along the 
gradients on each iteration are governed 
by explicit characteristic time scales chosen 
to be much longer than the relaxation time 
of the network (as mentioned previously). 

This work was done by Raoul Tawel of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information, Circle 2 
on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 26]. Refer to NPO-18579. 


Test-Matrix Sequencer 

Repetitive tasks in laboratory tests are automated to increase productivity. 
Lewis Research Center, Cleveland, Ohio 


The test-matrix sequencer is a digital/ 
analog electronic system that provides for 
automatic implementation of multiple in- 
terrelated sequences of test conditions in 
a laboratory experiment. (The system is so 
named because the specification of test 
conditions in a complicated experiment is 
typically given in the form of a matrixlike 
two-dimensional list.) By automating the 
repetitive tasks that would otherwise have 
to be performed manually to implement 
the test matrix, the test-matrix sequencer 
can increase the productivity of the labora- 
tory. Although the test-matrix sequencer 
is designed for use in testing aeronautical 
propulsion systems in wind tunnels, it has 
potential for use in automated testing lab- 
oratories in general, sequencing of servo- 


controlled actuators, and programming of 
robotic manipulators. 

The system (see figure) provides set 
points to controllers (for example, orienta- 
tions of a model or positions of a probe) 
and contact closures to data systems (e.g. t 
commands to record data in specified chan- 
nels) during the course of a test. The sys- 
tem includes a microprocessor controlled 
by a personal computer that runs easy- 
to-use, special-purpose software. The soft- 
ware, which is the main element of the sys- 
tem, is interactive and menu-driven with 
popup windows and help screens. The 
software enables the technician to con- 
figure, store, and run complete test ma- 
trices from the computer keyboard. The 
software also enables the computer to 


control the digital input and output chan- 
nels in the microprocessor automatically; 
alternatively, the technician can control the 
input and output channels directly from the 
keyboard. 

At each test point, the system verifies 
the operation of the test-controlling equip- 
ment, turns on recorders, waits for permis- 
sion from the technician to proceed with 
the test, and handles communications 
with external data-processing equipment. 
The microprocessor performs all of the 
low-level input/output tasks in parallel-proc- 
essing fashion; this enables the computer 
to continue to run the test matrix, monitor 
the channels, and keep the technician in- 
formed of the status of the test. 

The system includes 14 analog and 15 dig- 
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You Probably Don t Need 
Our Development 
Tools . . 



. . unless 

you want high performance 
solutions in. . 

. . pattern recognition problems. 

. . classification problems. 

. . prediction of future trends. 

. . complex process modeling and 
control problems. 

Process Control & Manufacturing 

From process control to industrial manufac- 
turing, engineers are using NeuralWorks 
Professional II /PLUS to pick out subtle 
patterns in their data. In these and related 
areas, engineers are developing more effective 
models for identifying more profitable opportu- 
nities and avoiding the most costly ones. The 
wide range of neural computing techniques 
available and the facility to develop multiple 
models using different approaches, gives 
engineers the depth and breadth of technology 
necessary to solve these difficult problems. The 
wide range of computing platforms supported 
from the PC and MAC to the IBM, Sun, DEC, 
Silicon Graphics, and HP power workstations 
means that NeuralWorks Professional II/ 
PLUS will easily fit within your existing 
computing environment. 

Chemical Processing 

NeuralWorks Professional II /PLUS has the 
depth necessary to meet the demanding 
challenges of chemical companies. Several 
well-known chemical companies have devel- 
oped a competitive edge taking advantage of 
NeuralWorks Professional II /PLUS’S flexibility 
and built-in deployment capabilities. The 
depths of our products are enhanced by 
NeuralWare’s popular training course in 
“Applying Neural Networks in Process Con- 
trol.” This course shortens the learning curve 
associated with applying neural technology 
within the process industry. 


Machine Diagnostics 

Statisticians developing discriminate models 
use the built-in diagnostic tools provided by 
NeuralWorks Professional II /PLUS to build 
better systems more quickly than typically 
possible with other products. Built-in features 
such as sensitivity analysis assist in variable 
selection. NeuralWare’s add-on package, 
Designer Pack, has been used to deploy devel- 
oped systems directly into real-time applica- 
tions. Together with NeuralWare’s training 
courses, a NeuralWare solution pays for itself 
almost immediately. 

For more detailed information about how 
NeuralWare customers are solving their 
toughest control problems using NeuralWorks 
Professional II /PLUS and how you can solve 
yours-write or call for a free information packet. 

Call or Write today. 412-787-8222 



NeuralWare 

“World’s Leading Supplier of Neural Network 
Development Tools and Training.” 
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ital input/output channels that can be con- 
figured by the technician. Another 14 chan- 
nels can acquire additional analog inputs 
from the laboratory data system. The sys- 
tem is fully programmable and is capable 
of handling 50 unique test points and multi- 
ple test sequences. 

The test-matrix sequencer has been 
used in three of the major wind tunnels 
at Lewis Research Center. It has proven 
valuable in setting up test equipment, veri- 
fying operation of the equipment, and run- 
ning tests. Because of its great success 
in enhancing the efficiency of operation, 
there are plans to use it in several other 
aeropropulsion facilities. 

This work was done by Timothy P. 
McCartney and Edward F. Emery of Lewis 
Research Center Further information may 
be found in NASA TM-103108 [N90-23416], 


‘A Test Matrix Sequencer for Research 
Test Facility Automation." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service. Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

LEW-15387 


The Matrix Sequencer is a microprocessor- 
based digital/analog system that automates 
repetitive tests in the setup and operation 
of a complicated experimental apparatus — 
for example, a wind tunnel containing a mod- 
el with multiple control actuators and sensors 



Movable Cameras and Monitors for Viewing Telemanipulator 

Various transformations of coordinates could facilitate remote handling. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Three methods have been proposed to 
assist an operator viewing a telemanipula- 
tor on a video monitor in a control station 
when the video image is generated by a 
movable video camera in the remote work- 
space of the telemanipulator. These meth- 
ods could reduce the operator's workload 
and the probability of error by obviating the 
need for the mental transformations of 
coordinates during operation. The meth- 
ods could be applied in outer space, under- 
sea, in the nuclear industry, in surgery, in 
entertainment, and in manufacturing. 

Any panning, rolling, or tilting of the 
cameras in the workspace affects the rela- 
tionships between the coordinate system 
of the camera and the coordinate system 
of the operator. Consequently, the operator 
needs to transform coordinates mentally 
during operation; if several movable cam- 
eras are presenting their images to several 
monitors (see figure), each may require a 
different coordinate transformation. The in- 
crease in workload and probability ot op- 
erator error may well become unmanage- 
able and dangerous. 

In one of the three methods intended 
to overcome this difficulty, each monitor 
would be mounted on an automated plat- 
form that would pan, tilt, roll, and shift with 
the camera, the image of which it dis- 
played. In this manner, the operator would 
not need to transform coordinates at all. 
No matter how many cameras and moni- 
tors a system might have, if the coordi- 
nates of the hand controller of the manipu- 
lator matched the workspace coordinates, 
then they would also always match all the 
camera-monitor coordinates; for example, 
pushing the hand controller forward (away 


from the operator) would show the robot 
arm moving away from the operator on all 
of the monitors. 

In another of the three methods, one 
would minimize the required motions of 
the monitors by digital processing of the 


video images. Each monitor would display 
an image that had been compensated for 
the rotation ot its corresponding camera. 
If, in addition, each monitor graphically dis- 
played the location of its camera, then the 
operator would always know the configura- 



Video Monitors at the Control Station would be rotated or shifted and/or the images in them 
would be transformed to adjust the coordinate systems of the scenes visible to the operator 
according to the motions of the cameras and/or the operator’s preferences. 
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tion of the cameras and manipulator in the 
remote workspace, and all of the coor- 
dinate systems would match. 

In the remaining one of the three meth- 
ods, one would change the coordinates of 
the hand controller to match those of one 
of the cameras, while the monitor re- 
mained fixed. If there were more than one 
monitor, this method would be disadvan- 
tageous in that the coordinates of the hand 
controller would match those of only one 
of the monitor/camera pairs, and the op- 
erator would have to remember which one 
(or tell the system which one) to avoid 
making a possibly dangerous mistake. 
However, if the system included several 
movable cameras but only one monitor, 
this disadvantage could be eliminated by 
making the system match the coordinates 
of the hand controller to those of which- 
ever camera is connected to the monitor 
at the moment. 

This work was done by Daniel B. Diner 
and Steven C. Venema of Caltech for 

NASA’s Jet Propulsion Laboratory For 

further information, Circle 3 on the TSP 
Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 26], Refer to NPO-17837. 


CASES FOR 

SENSITIVE ELECTRONICS 


Potilhft anti-shear locks. 

Prevents lid separation from base 
on impact. 


Fully 

protected 

from 

damage. 


Elastomeric sltock mounts. 
Provide controlled shock and 
vibration levels. Sway space 
allows good air flow for cooling. 


laskalod 

parting Una. 



Rotational 
molding 
Corners and 
edges are 10 % 
to 20% thicker than 
flat walls, providing 
strength where you need it 
most. One piece stress-free 
molded lid and base. 


Resilient 
polyethylene 
shell resists 
impact. 


High strength, 
heat-treated 
aluminum 19' rack. 


Lightweight, compact design 
withstands punishing drops. 


Lightweight, MIL-SPEC, shock-mounted 19” rack 
cases for sensitive electronic systems. 



A Division of Hardigg Industries, Inc. 

393 No. Main Street, PO. Box 201, South Deerfield, MA 01373 (413) 665-2163 FAX: (413) 665-8061 


For More Information Circle No. 478 


Robot-Control Station Would Adapt to Operator 

A conceptual system would enhance the operator’s performance. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


A proposed control station for a remote 
robot would adapt the control system to 
the personal characteristics and prefer- 
ences of the operator. It would automati- 
cally adjust the positions and angles of 
video cameras and monitors, adjust the 
characteristics of a hand controller, proc- 
ess images, and provide the graphical dis- 
plays that serve the particular operator 
best. The station would be suitable for use 
in nuclear, underwater, surgical, industrial, 
and entertainment applications. 

A system of one or more video cameras, 
controlied by a computer, would view the 
workspace of the robot, as shown in the 
preceding article, "Movable Cameras and 
Monitors for Viewing Telemanipulator" 
(NPO-17837). The control station could in- 
clude several video monitors, a hand con- 
troller, an image-processing system that 
would also provide graphical displays, a 
voice-input command system, keyboards, 
and a mouse. 

The configuration of the system that 
best enhances an operator’s performance 


would first be determined experimentally 
for each type of task. Thereafter, whenever 
that operator was identified as being in 
control, the system would automatically 
reset itself for that operator. 

For operators who have anomalies of 
stereoscopic vision, the system would 
make appropriate adjustments in its stere- 
oscopic displays. For example, if an oper- 
ator had high stereoscopic acuity beyond 
a fixation point but was stereoscopically 
insensitive to positions in front of that point, 
the system would converge the stereo 
cameras to a point slightly in front of the 
critical area of the workspace for the par- 
ticular task. 

One operator may work best with per- 
spective views of the workspace from a 
pair of cameras tilted at 15° Another oper- 
ator might find this presentation inade- 
quate and want orthogonal views from 
three cameras — from front, top, and side. 
The system would readily accommodate 
such preferences. 

Certain operators may prefer high gain 


in the hand controller for large robot move- 
ments and low gain for fine movements. 
Others may become confused by changes 
in gain and prefer an intermediate level at 
ail times. The system would satisfy these 
preferences, too — not only for each oper- 
ator, but also for each task an operator per- 
forms. 

Similarly, the system would provide the 
type and quantity of graphical information 
each operator wants. It would present the 
information in the colors and at the repeti- 
tion rate the operator likes best. 

This work was done by Daniel B. Diner 
of Caltech for NASA’s Jet Propulsion 
Laboratory For further information, Cir- 
cle 28 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 26]. Refer to NPO-1 7838. 


NASA Tech Briefs. February 1993 


55 


Analog Processor To Solve 
Optimization Problems 

A neural network would solve the ‘‘traveling-salesman’’ problem. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
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A proposed analog processor would 
solve the "traveling-salesman" problem, 
which is considered to be a paradigm of 
global-optimization problems that involve 
routing or the allocation of resources. The 
processor would include an electronic neu- 
ral network and auxiliary circuitry based 
partly on the concepts described in "Neu- 
ral-Network Processor Wbuld Allocate Re- 
sources" (NPO-17781), NASA Tech Briefs, 
Vol. 14, No. 10 (October 1990), page 46, 
and "Neural Network Solves 'Traveling- 
Salesman' Problem" (NPO-17807), NASA 
Tech Briefs, Vol. 14, No. 12 (December 
1990), page 22. 

The traveling-salesman problem can be 
stated as follows: given N cities and know- 
ing the distance (or the cost of travel) be- 
tween any two cities, find the shortest (or 
cheapest) route that passes through every 
city once and only once. Although one 
could solve the problem on a digital com- 
puter by comparing the costs of all possi- 


ble routes, this approach requires an im- 
practically long computing time when N 
is large, because the number of routes 
grows factorially with the number of cities. 
The proposed analog processor based on 
highly parallel computing promises to 
solve the problem in significantly less time. 

The processor would include a feedback 
neural network with analog prompting, 
control neurons, and a modified auxiliary 
circuit (which would intervene to prevent 
the network from settling on cheaper multi- 
ple itineraries through loops of fewer than 
N cities). As shown in the figure, N(N- 1) 
sigmoid-response neurons that duplica- 
tively represent the N(N- 1)/2 possible inter- 
city legs of the journey would be arranged 
in an NxN matrix lacking the diagonal. 
(The network would be symmetric about 
the diagonal.) The outputs of the neurons 
in each row or column would be fed to a 
row (or column, respectively) control neu- 
ron, which would send an appropriate in- 
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This Neural Network would be part of an analog processor that solves the traveling- 
salesman problem for four cities designated A, B, C, and D. 
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hibitory or excitory signal back to all the 
neurons in the row or column to assure 
a valid tour with two neurons "on” and the 
rest of the neurons "off" in each row or 
column, as explained more fully below. A 
global control neuron would monitor the 
activity of all the N(N- 1) sigmoid-response 
neurons to enforce the requirement that 
the total number of intercity legs be N, also 
as explained more fully below. 

Sigmoid-response neurons selected as 
the final solution would thus be forced to 
satisfy the constraints imposed by all the 
control neurons simultaneously, to obtain 
a valid solution. The symmetry across the 
diagonal dictates that each of the N row 
and N column control neurons must en- 
sure that two and only two sigmoid neu- 
rons are "on" in each row and column. 
This would enforce the requirement that 
every city be visited once and only once 
in a closed tour. 

After providing all the costs of the inter- 
city travels to the matrix of sigmoid-re- 
sponse neurons as analog prompts, the 
matrix would go into action. Initially, several 
of the low-cost neurons would tend to come 
"on.” If the tour were not complete, the 
control neurons would act on the basis of 
the excess or shortage in the number of 
the “on” neurons in each row and column, 
providing the desired excitation or inhibi- 
tion. This process would occur simultane- 
ously at every neuron. The global control 
neuron is needed to provoke the process 


and bring it back to within a reasonable 
linear region of the dynamics to enable the 
global exchange of information. The global 
control neuron would thus determine the 
number of sigmoid neurons that are "on” 
in the whole network. The global control 
neuron would apply an inhibitory or excita- 
tory input to all the sigmoid-response neu- 
rons, depending on whether the number 
of “on" sigmoid-response neurons is great- 
er or less, respectively, than 2 N. 

The auxiliary circuit (not shown in the 
figure) would monitor the outputs of all 
sigmoid-response neurons simultaneously. 
Upon detecting a multiple-loop pattern in 
these outputs, it would send increasing 
cost inputs to selected neurons, thereby 
increasing the costs of the loops until the 
loops are broken, leading to the con- 
vergence of the entire network toward a 
global solution with a loop containing all 
N neurons. 

This work was done by Tuan A. Duong, 
Silvio R Eberhardt, and Anil R Thakoor of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information, Circle 54 
on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 26], Refer to NPO-18390. 


Measuring Small Changes in Aim 
of an Instrument 

An x-ray telescope is operated in visible light as a projector. 
Marshall Space Flight Center, Alabama 

An optoelectronic system measures small of an instrument. These changes are as- 
changes in the direction of the line of sight sociated with small rigid-body rotations of 



The Optical Point Source and Lens are mounted on the x-ray telescope in reverse configura- 
tion — as a projector. The magnified relative lateral motion of the point source and lens 
is imaged on the position-sensing photodetector. 


NASA Tech Briefs, February 1993 


Stereo Viewing 



Affordable 

3D Stereo Visualization 
for Computer Graphics 


□ Scientific Visualization 

□ Molecular Modeling 

□ Mapping 

□ CAD/CAM/CAE 

□ Computer Generated Images 

□ Video Images 


■ Increase Design Productivity 

■ Enhance Wireframes/Solids 

■ Reduce Time to Market 


■ Improve Design Presentations 

■ Understand Complex Images 
. . . On All Workstations 


A sk about our 
3D Virtual Reality 

Products 


Call Toll Free 

for Complete Information on 
Stereo Viewing Products 
& To Order 


l 3F3 O Gj/Siphj G 


800 - 783-2660 

2171 East Francisco Blvd. 

San Rafael, CA 94901 
Fax 41 5-459-3020 

For More Information Circle No. 503 


57 


the instrument about axes perpendicular 
to the line of sight. In the specific applica- 
tion for which the system was designed, 
the instrument is an x-ray telescope in a 
vacuum chamber in a calibration facility; 
the measurements are needed to deter- 
mine, among other things, to what degree 
small rigid-body rotations caused by 
seismicity affect the aim of the instrument. 

The basic optical configuration is sim- 
ple. A small source of visible light (regard- 
ed as a point source) is mounted in the 
telescope near the x-ray imaging detec- 
tor, and a lens is mounted between the 
glancing-incidence x-ray reflectors of the 


telescope. The point source and lens are 
aligned so that they image the point source 
onto a position-sensing photodetector lo- 
cated far from the telescope, near the x- 
ray source (see figure). Thus, the x-ray 
telescope is effectively converted to a 
visible-light instrument and operated in 
reverse — as a projector. The motion of 
the image of the point source on the 
position-sensing photodetector is a mag- 
nified version of the relative lateral motions 
of the point source and lens; in the case 
of the dimensions shown in the figure, the 
magnification factor is 55.6. Thus, the pro- 
jection configuration increases the sen- 
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sitivity of the measurement. 

The visible light, at a wavelength of 
6,238 A , is generated by a 47-mW helium/ 
neon laser outside the vacuum chamber. 
The laser light is injected via a microscope 
objective lens into an assembly of fiber-op- 
tic cables. The cables conduct the light 
into the vacuum chamber and to the 
source fixture in the telescope. The ends 
of 19 optical fibers in the final leg of cable 
are held rigidly in a hexagonal-close-packed 
array. The array is large enough so that 
at least one fiber end is within view (and 
therefore available for use as the point 
source) in case of a drift or shift in align- 
ment of the telescope. 

The position-sensing photodetector puts 
Out four currents, the normalized differenc- 
es between which are approximately pro- 
portional to the coordinates of the centroid 
of the image relative to the center of the de- 
tector plane. The currents are fed to a four- 
channel transimpedance amplifier, which 
converts them to voltages. The voltages 
are digitized and fed to a computer. The 
motions of the centroid and the correspond- 
ing rigid-body rotations of the telescope are 
then computed from the digitized voltages 
from coordinate transformations derived 
from calibration of the position-sensing 
photodetector, and from the magnification. 

This work was done by Jonathan W. 
Arenberg and Scott C. Texter of TRW, Inc., 
for Marshall Space Flight Center For 
further information, Circle 48 on the TSP 
Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 26], Refer 
to MFS-28663. 


Books and Reports 

These reports, studies, handbooks are avail- 
able from NASA as Technical Support Pack- 
ages (TSP's) when a Request Card number 
is cited ; otherwise they are available from the 
National T echnical Information Service. 

Developing Software for 
Monitoring and Diagnosis 

An expert-system software 
shell would produce 
executable code. 

A report discusses the beginning phase 
of research directed toward the develop- 
ment of artificial intelligence for real-time 
monitoring of, and diagnosis of faults in, 
complicated systems of equipment. Al- 
though this research is motivated to some 
extent by the need for onboard monitor- 
ing and diagnosis of the electronic sens- 
ing and controlling systems of advanced 
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aircraft, it takes a general approach that 
should also make it applicable to such 
equipment systems as refineries, factories, 
and powerplants. 

The intended product of the research 
and development is an expert-system soft- 
ware shell of the knowledge-compiler type 
that could convert the knowledge base into 
programs in conventional procedural pro- 
gramming languages for execution by the 
various monitoring, controlling, and diag- 
nosing microprocessors in a system. Here, 
this software concept is generalized into 
a rule-set-processor (RSP) method that 
would enable the specification of topologi- 
cal and procedural application knowledge 
for time-critical applications, the interac- 
tive development of an expert software 
system based on this specification, and 
the integration of a machine-code version 
of this software into a conventional ap- 
plication program designed to be executec 
in real time. 

The expert-system software shell would 
provide for multiple hierarchical represen- 
tations of a system of interconnected ele- 
mental dynamic objects. More specifical- 
ly, the RSP would enable the definition of 
such elemental dynamic objects as inte- 
grators, actuators, and sensors and the 
specification of both the interconnections 
among these objects and the dynamic be- 
haviors of them as they perform their intend- 
ed function. In other words, the conven- 
tional state-space and transfer-functions 
mathematical model of the system would 
be extended to include a topological repre- 
sentation. The RSP would include an “in- 
heritance” software mechanism by means 
of which a dynamic object could be de- 
fined in terms of previously defined dy- 
namic elements. Moreover, the RSP would 
provide a hierarchical dynamic represen- 
tation software mechanism that would 
enable multiple representations of a sub- 
system at several levels of abstraction as- 
sociated with each element. 

In the phase of research described in 
this report, a preliminary specification of 
the design of the RSP was completed. A 
prototype of the RSP was implemented in 
an Ada-language program. The prototype 
includes a specification, in the BNF 
language (a programming metalanguage 
developed by Bachus and Naur), of the 
User System Description Language 
(USDL). The USDL supports both topo- 
logical knowledge (e.g., systems, blocks, 
paths, and external equipment) and pro- 
cedural knowledge (e.g., sets of rules, dec- 
larations, and mathematical and logical 
operations) about dynamic systems. The 
prototype includes a parser that examines 
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the USDL source code for errors, then 
translates it into an internal system de- 
scription (ISD). The prototype also includes 
an interpreter that interactively interprets 
the set(s) of rules and declarations deter- 
mined by the user's command (e.g., simu- 
late or diagnose) by use of the error-free 
ISD. 

This work was done by S. J. Edwards 
and A. K. Caglayan of Charles River Ana- 
lytics Inc for Ames Research Center. Fur- 


ther information may be found in NASA CR- 
179441 [N89-23209], "Expert Systems for 
Real-Time Monitoring and Fault Diagnosis." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
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Fiber-Optic System Would Detect Leaking Liquid H 2 

The sizes and positions of leaks would be measured by optical time-domain reflectometry. 
John F. Kennedy Space Center, Florida 


A proposed instrument based on optical 
time-domain reflectometry would measure 
both the locations and the sizes of leaks 
in tanks and plumbing that store and 
transfer liquid hydrogen. The instrument 
was conceived for use in detecting leaks 
of hydrogen from the propulsion system 
of the Space Shuttle, but the underlying 
concept is also applicable to the detec- 
tion of flammable and/or poisonous fumes 
in chemical-processing plants, fuel-dis- 
tributing equipment, and other terrestrial 
applications. 

Optical time-domain reflectometry has 
been used before to detect chemicals. The 
principle of operation is simple: An optical 
fiber is coated and/or permeated with sub- 
stances, the index of refraction of which 
is altered locally in response to the local 
concentration of the chemical to be de- 
tected. The optical time-domain reflectom- 
eter launches pulses of light periodically 
into the fiber at one end. As the light travels 
toward the far end, part of it is reflected 
back toward the source by local alterations 
in the index of refraction. The size and 
shape of the reflected pulse are indicative 
of the amount and spatial distribution of 
the chemical, and the round-trip time of 
the reflected pulse is proportional to the 
distance along the fiber to the reflecting 
location. The pulse is displayed and ana- 
lyzed on the optical time-domain reflec- 
tometer to extract this information. 

The optical-fiber sensing element of the 
proposed instrument would be tailored for 
the detection of hydrogen gas or liquid in 
the liquid-hydrogen temperature range: it 
would be coated and/or permeated with 
material(s) that impart(s) the desired op- 
tical response in this temperature range, 
including material(s) that undergoes) 
reversible chemical reaction(s) with 
hydrogen, such that the change in the in- 
dex of refraction of some part of the fiber 
is proportional to the local concentration 


of hydrogen. 

By use of optical multiplexing, the instru- 
ment could accommodate several fiber- 
optic sensors (see figure). This would make 
it possible to construct a leak-distribution 
profile from data gathered along multiple 
paths through an area or volume. It has 
been estimated that the instrument could 
locate a pocket of leaking hydrogen within 
about 3 cm. 


This work was done by Charles H. 
Grove of Kennedy Space Center For fur- 
ther information, Circle 18 on the TSP Re- 
quest Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Kennedy 
Space Center [see page 26], Refer to 
KSC-11553. 



Multiple Fiber-Optic Sensing Elements would be multiplexed to the optical time-domain 
reflectometer. In the hypothetical case shown here, the return signal from the Nth sens- 
ing element includes a reflection that indicates a leak. 


Germanium Resistance Thermometer 
for Subkelvin Temperatures 

An improved design provides greater sensitivity and more-efficient removal of heat. 
Goddard Space Flight Center, Greenbelt, Maryland 


An improved germanium resistance ther- 
mometer measures temperatures as small 
as 0.01 K accurately. A typical prior ger- 
manium resistance thermometer is not use- 


ful below 0.05 K: below that temperature, 
the change in its resistance with temper- 
ature is too small to be practical, and even 
minute measurement currents cause ex- 


cessive heating. 

The design of the new device overcomes 
these deficiencies by providing a large area 
for electrical connections (to reduce elec- 
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Good things come in small packages. When it comes 
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performance in a package as compact as the KM160 
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with. To top this, the 160 watt sealed x-ray tube is 
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spot sizes to precisely control the right power/ 
spot size combination to inspect PCBs, electronic 
components or mechanical parts. You’ll be able to 
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Gold Pads on the top and the bottom of the germanium crystal distribute electrical cur- 
rent and the flow of heat nearly uniformly across the crystal. 


trical gradients and increase sensitivity to 
changes in temperature) and a large heat 
sink (to minimize resistance heating). The 
device is less expensive than are the mag- 
netic thermometers or superconducting 
quantum interference devices (SQUID's) 
that would otherwise have to be used. 

The device includes a germanium crys- 
tal and heat sink made of a wafer of sap- 
phire crystal (see figure). The crystal is 
bulk-doped to have a total resistance be- 
tween 100 and 100,000 fl in the range of 
temperatures near 0 K in which it is to be 
used. The top and bottom surfaces of the 
germanium crystal are covered with films 
of gold that serve as electrical contact 
pads. The gold film on the bottom surface 
is bonded to the rightmost (in the figure) 
one of two electrical-contact pads on the 
sapphire wafer. The sapphire wafer is bond- 
ed to a copper plate that is, in turn, mount- 
ed on the object, the temperature of which 
is to be measured. 

Pairs of current and voltage leads are 
bonded to the conductive pads on the sap- 
phire wafer. These leads are connected to 
the external instruments that measure the 
electrical resistance of the germanium 
crystal. A single lead connects the leftmost 
electrical-contact pad on the germanium 
crystal to the contact pad on top of the 
germanium crystal. 

The path for electrical current through 
the crystal is characterized by a relatively 
large cross-sectional area and a relative- 
ly short length. This makes it possible to 
obtain electrical resistances in the desired 
range by use of light doping, which, in turn, 
makes it possible to have a relatively large 
change of resistance with temperature — 
that is, high sensitivity. For example, if the 
dimensions of the crystal are 1X3X0.4 
mm, then the sensitivity of the device (with 
the current flowing along the 0.4-mm 
dimension) is about 4.3 times that of a de- 


vice made with same crystal in the older 
configuration (current flowing along the 
3-mm dimension). Moreover, because the 
heat sink is larger and the thermal resis- 
tance between the germanium crystal and 
the heat sink is smaller than in prior ger- 
manium resistance thermometers, one 
can use a larger measurement current 
(and, thereby, increase sensitivity). 

This work was done by Stephen H. 


Castles of Goddard Space Flight Center 

For further information, Circle 89 on the 
TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[see page 26], Refer to GSC-13406. 


Improved Method for Experiments in Vertical-Flow Boiling 


The frictional pressure drop and volume fraction of 
vapor are determined from simultaneous measurements. 

John F. Kennedy Space Center, Florida 


An improved method of experimentation 
in boiling and adiabatic vertical flows pro- 
vides for the simultaneous determination 
of the two-phase frictional pressure drop 
and the vapor-volume fraction. To deter- 
mine a frictional pressure drop, it is nec- 
essary to subtract the gravitational pres- 
sure drop and the accelerational pressure 
drop (which is zero only in fully developed, 
adiabatic flows) from the total pressure 
drop. In the improved method, the gravita- 
tional pressure drop is determined from 
precise measurements of temperatures 
and differential pressures in conjunction 
with quick closure of valves. In some older 
methods of determining frictional pressure 


drops, the gravitational component of total 
measured pressure drop was ignored; in 
other methods, the gravitational compo- 
nent was estimated from prior information 
on vapor-volume fraction, which usually 
cannot be measured as accurately as pres- 
sures and temperatures can be. 

The method has been demonstrated with 
the apparatus shown schematically in the 
figure, using CFCI 3 (also called "refrigerant 
11”) as the boiling fluid. The vertical test 
section consists of two subsections, each 
containing a copper tube wrapped with a 
heating tape. For vertical upflow, the lower 
tube is heated to produce boiling while the 
upper tube is not heated and becomes, in 


effect, an adiabatic test section. For verti- 
cal downflow, the upper tube is heated, 
while the lower tube remains unheated. 

Two identical static-head tubes filled with 
CFCI 3 in the liquid phase serve as balanc- 
ing columns for pressure-drop measure- 
ments. Valves at the upper end (V3), mid- 
height (V2), and lower end (VI) of the test 
section are ganged together mechanically 
so that they can be closed or opened sim- 
ultaneously within about 0.2 seconds. Pres- 
sure differentials are measured by mag- 
netic-reluctance transducers. 

Pressures and temperatures are meas- 
ured in steady-state vertical upflow and 
steady-state vertical downflow. Measure- 
ments are also taken in the no-flow con- 
dition that is obtained by suddenly inter- 
rupting the upflow or downflow with the 
closure of VI, V2, and V3 and waiting 1 
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This Vertical-Flow Boiling Apparatus provides data from which one can calculate the frictional pressure drop and the volume fraction 
of vapor. 


second for the flow to decay. 

The measurements of pressure are an- 
alyzed by use of equations based on con- 
servation of mass and momentum. The 
quality of the vapor (in the thermodynamic 
sense of “quality” as the mass fraction of 
vapor in a vapor/liquid mixture) is estimat- 
ed by a heat-balance calculation. The vol- 


ume-averaged volume fraction of vapor is 
determined from the mean density of the 
mixture in the test section, which, in turn, 
is evaluated from the differential pressure 
between the liquid balancing column and 
the test section, together with temperature 
measurements. The data are well correlat- 
ed by a modified version of the Zuber- 


Finday method, in which volume-fraction 
data are correlated with volumetric fluxes. 

This work was done by J. F. Klausner of 
the University of Florida and B. T. Chao and 
S. L. Soo of the University of Illinois for 
Kennedy Space Center For further infor- 
mation, Circle 53 on the TSP Request Card. 
KSC-11549 


Testing for Parasitic Lasing With Controlled Retroreflection 

Parasitic oscillations can be quantified and suppressed with precision. 

Langley Research Center, Hampton, Virginia 


The controlled-retroreflection technique 
provides a new capability to test safely for 
parasitic oscillations in a laser — particu- 
larly, in a high-gain, Q-switched laser. Par- 
asitic lasing is unwanted stimulated emis- 
sion that depletes the gain of the laser and 
can damage some or all of its optical com- 
ponents Typically, parasitic lasing mani- 
fests itself as relaxation oscillations that 
occur during the buildup of gain just before 
the main Q-switched event. In a controlled- 
retroreflection test, one probes the laser 
system by reflecting a very small, con- 
trolled amount of light back into the laser 
system to initiate parasitic oscillations at 
a low power safely, with the Q-switch dis- 
abled, and uses the resulting measure- 
ments (1) to quantify those parameters of 
the design and/or adjustment of the laser 
that affect parasitic lasing and/or (2) to ad- 
just the optical components of the laser 
system lo suppress parasitic lasing. 

Reflection of light back into a high-gain 
laser usually results in damage to the op- 
tical components. Therefore, the controlled- 
retroreflection technique requires great 
care to prevent excessive reflection; in a 
typical test, the energy of the parasitic os- 
cillations should not be allowed to exceed 
a few microjoules. The success of the 
technique depends on the recently devel- 



The Continuously Variable Reflector can be adjusted continuously over a dynamic range 
of about 3 decades by rotation of the quarter-wave plate about the optical axis. The neutral- 
density filter establishes the maximum reflectivity. Overall, by selection of neutral-density 
filters and continuous adjustment, the reflector can be made to have any reflectivity 
from about 1 down to 10 ~ 8 . 
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3-D Tube Plot created with Maple V. 


The symbolic math software for 
engineering, science, and 
education professionals. 

Maple, developed at the University of 
Waterloo, is today's most complete symbolic 
math package, and it's now available from 
MathSoft, the makers of Mathcad. Maple's 
comprehensive library of over 2,000 built-in 
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package. 
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You won't believe that something so 
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oped continuously variable reflector (CVR) 
(see figure), which can be adjusted to pro- 
vide any reflectivity down to about 10 -8 . 

The procedure for setting up the CVR 
for controlled retroreflection consists of the 
following steps: 

1 . Calibrate the CVR by use of another laser. 

2. Optically align the laser system. Adjust 
the gain of the system so that no para- 
sitic lasing is detected. 

3. Set the CVR at minimum reflectivity and 
roughly align it for retroreflection by use 
of a low-power alignment laser. 

4. Place a photodetector behind the mirror 
in the CVR and increase reflectivity until 
the detector picks up a single pulse of 
parasitic oscillation. 

5. Complete the alignment of the mirror in 
the CVR by gimbal adjustment of the mir- 
ror while maintaining the parasitic las- 
ing near the single-pulse threshold. 
Once the CVR is aligned with respect 

to the laser, various tests can be performed 
to optimize and quantify the laser system. 
Quantification involves the known thresh- 
old-condition relationship among the laser 
gain, the reflectivity of the CVR, and the 


transmissivities and reflectivities of various 
other parts of the laser system that partici- 
pate in the parasitic oscillations. 

The laser system can be interrogated, 
for example, by changing the alignments 
of such components as the holdoff optics 
of the Q-switch, the polarization optics of 
the Faraday isolator, and the orientations 
of various optical surfaces. By maintain- 
ing single-pulse parasitic lasing, one keeps 
the laser energy very small, and one can 
use the absolute value of the threshold 
reflectivity to quantify any changes in the 
parasitic oscillator. Great care must be 
taken during optical adjustments to allow 
only one to three parasitic laser pulses dur- 
ing each event. 

This work was done by Mark E. Storm 
of ST Systems Corp. for Langley Research 
Center For further information, Circle 63 
on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Langley 
Research Center [see page 26], Refer to 
LAR-14645. 


Calibrating Airplane Instrumentation 
To Measure Winds 

Several techniques are used to obtain greater accuracy. 
Ames Research Center, Moffett Field, California 



The Tower- Flyby and Radar Acceleration/ Deceleration techniques yield geometric altitude 
and pressure altitude data needed for calibrations. 
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An elaborate combination of techniques 
has been used to calibrate the wind-meas- 
uring instrumentation aboard an F104 air- 
plane. The goal is to obtain wind profiles 
more rapidly than by tracking an instru- 
mented rising balloon at comparable ac- 
curacies. This requires calibration ac- 
curacies greater than those previously 
required of airborne instrumentation. The 
improved method of calibration was de- 
vised to determine whether the winds aloft 
at and shortly after the time of measure- 
ment will allow safe launch of the Space 
Shuttle. This could also prove beneficial 
in other safety- or research-oriented ap- 
plications in which wind velocities over a 
range of altitudes must be determined in 
nearly real time. In the original Space Shut- 
tle application, guidelines were to obtain 
wind profiles in 10 to 15 min at altitudes 
up to 60,000 ft (about 18 km) in a horizon- 
tal circle of 10-mi (about 16-km) radius. 

The basic principle of wind profile meas- 
urement is simple. By using pressure and 
temperature transducers and flow vanes, 
one obtains data on the velocity of wind 
relative to the airplane. The velocity of the 
airplane relative to the ground (determined 
by ground-based radar or an onboard in- 
ertial reference unit) is then subtracted 
from the velocity of the wind relative to the 
airplane. This gives the velocity of wind 
relative to the ground. 

The airplane is equipped with a stan- 
dard NACA research nose boom, which 
includes pressure probes and flow vanes 
that yield data on static and total pres- 
sures, angle of attack, and angle of side- 
slip. The airplane also has a ring-laser-gyro- 
scope inertial reference unit, like those 
used in commercial airliners, which gives 
linear and angular velocities, linear ac- 
celeration, and orientation of the airplane. 
A body-mounted total-temperature sensor 
is also used. 

These sensors must have very accurate 
calibrations to measure winds effectively. 
Two techniques are used to calibrate the 
mach number (from the pressure meas- 
urements) and total temperature measure- 
ments. These are tower flybys and radar 
acceleration/decelerations (see figure). In 
the tower flyby technique the airplane flies 
near a tower at a steady airspeed and al- 
titude. The airplane is sighted from the 
tower through an eyepiece and grid to de- 
termine its true geometric altitude, which 
is used to calibrate static pressure and 
total temperature. In the radar accelera- 
tion/deceleration technique, the airplane 
accelerates and decelerates while flying 
at a constant heading and geometric al- 
titude (as determined by radar and fed 
back to the pilot) and gathers pressure and 
temperature correction data. 


The flow angles measured by the nose 
boom must be corrected for various ef- 
fects. Using mathematical models, the 
flow angles can be corrected for misalign- 
ment and bending of the nose boom, and 
for angular velocity of the airplane. In ad- 
dition, flank angle of attack is transformed 
into angle of sideslip. Aerodynamic effects 
on the flow angles due to the nose boom 
and aircraft must be calibrated. A trajec- 
tory reconstruction algorithm, based on a 
multiple-state linear Kalman filter, blends 
data from the inertial reference unit, the 
probes, the tracking radar system, and 
meteorological observations to determine 


these effects. 

This work was done by Edward A. 
Haering, Jr., of Dryden Flight Research 
Facility for Ames Research Center. Fur- 
ther information may be found in NASA 
TM-101714 [N90-14228], ' Airdata Calibra- 
tion of a High Performance Aircraft for 
Measuring Atmospheric Wind Profiles.” 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

ARC-12846 


Technology 2002 Conference Proceedings 

1000 Pages Of High-Tech Innovations 

If you missed the show, 

here's your chance to discover the best new technology 
being generated by NASA, the Departments of Energy and Defense, 
and other key government agencies. 

Two-volume set features the keynote addresses 
by NASA administrator Daniel Goldin and 
Maryland senator Barbara Mikulski as well as 
120 papers spotlighting new inventions 
with commercial promise in: 


♦ Advanced Materials 

♦ Artificial Intelligence 

♦ Biotechnology /Life Sciences 

♦ Computer Technology 

♦ Data Management & Storage 


♦ Energy/Environmental Technology 

♦ Manufacturing 

♦ Microelectronics /Optoelectronics 

♦ Sensors & Signal Processing 

♦ Robotics 
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Materials 


Flame-Retardant Diaminobenzenes Containing Phosphorus 

The diamines can be polymerized with dianhydrides or diacyl halides to produce fire-resistant polymers. 


Ames Research Center, Moffett Field, California 


A variety of (diorganooxyphosphonyl) 
methyl-2,4- and -2,6- diaminobenzenes (gen- 
eral compound 3 of the figure) can be syn- 
thesized, then polymerized with a variety 
of dianhydrides and diacyl chlorides to pro- 
duce fire-resistant polymers. The proper- 
ties of the polymers make them useful as 
matrices in laminated composite-material 
aircraft structural components that resist 
fire and exhibit such desirable mechanical 
properties as high tensile strength. The di- 
amines can also be used as encapsulating 
or potting compounds when reacted with 
epoxy resins (the resulting compounds be- 
ing more resistant to flames and fires than 
are conventional epoxy resins). Moreover, 
free phosphonic acids, which are byprod- 
ucts of the synthesis of the diamines, can 
be used as complexing agents to extract 
metals from aqueous solutions or as corro- 
sion inhibitors for metals. 

The scheme for the synthesis of the di- 
aminobenzenes containing phosphorus is 
shown in the figure. The starting material, 


a diorganooxyphosphonyl methyl benzene 
(compound 1), can be produced by the 
Michaelis-Arbuzov reaction of benzyl bro- 
mide with a suitable trialkyl phosphite or 
other equivalent protected phosphate. 
Compound 1 is then nitrated by use of 
more than 2 equivalents of nitric acid in 
fuming sulfuric acid under anhydrous con- 
ditions at a temperature between 40 and 
90 °C for 0.5 to 8 h to produce a mixture 
of the 2,4- and 2,6-dinitro derivatives (com- 
pound 2), which can be separated if de- 
sired but are typically reacted further as 
a mixture. 

The mixture is then reduced — prefer- 
ably by use of molecular hydrogen and a 
platinum or palladium catalyst supported 
on an inert organic oxidic support or on 
carbon in a nonaqueous medium such as 
methanol or ethanol — to produce a mix- 
ture of the 2,4- and 2,6-diamino com- 
pounds (compound 3V 

The protecting groups (R) are unstable 
in acid and can be removed either from 


the dinitro compounds (compound 2) or 
from the diamino compounds (compound 
3) by acidic hydrolysis to produce the cor- 
responding phosphonyl acids. This hydroly- 
sis is carried out in concentrated aqueous 
HCI, HBr, or H 2 S0 4 at a temperature be- 
tween 50 and 150 °C for 0.5 to 8 h. The 
diamines (compound 3) can be reacted 
with acyl halides to produce amides (com- 
pound 4) or with dianhydrides or diacyl 
chlorides to produce fire-resistant poly- 
mers or copolymers. 

This work was done by Demetrius A. 
Kourtides of Ames Research Center and 
John A. Midroyannidis of the University of 
Patras. For further information, Circle 34 
on the TSP Request Card. 

This invention has been patented by 
NASA (U.S. Patent No. 4,886,896). Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Ames Research Center [see 
page 26). Refer to ARC-11425. 



(Diorganooxyphosphonyl)methyl-2,4- and -2,6-Diaminobenzenes. which can be used to produce fire-resistant polymers and copolymers, are 
synthesized in this sequence of reactions and products. 


Conductivity as a Measure of Degree of Polymerization 

Conductivity is a better indicator of cure than permittivity is. 

Marshall Space Flight Center, Alabama 


In an improved method of dielectric mon- 
itoring of the process of polymerization 
("curing’') of the mixed ingredients of a 
polymeric material, emphasis is placed on 
measurement of conductivity rather than 
permittivity. Typically, in preparation for die- 
lectric monitoring, electrodes that amount, 
in effect, to plates of a capacitor are placed 
on or in the material, which is thereby made 
to serve as the dielectric of the capacitor. 
Monitoring then consists of measurement 
of the capacitance and conductance of 
the capacitor as a function of time at a 
given frequency or frequencies. From these 
measurements, one computes the elec- 
trical permittivity, the electrical conductivi- 
ty, and possibly other properties of the 



The Ion Viscosity of a curing polymer was computed from its conductivity as measured 
in dielectric monitoring at a frequency of 10 Hz. (Frequencies from 0.1 Hz to 100 kHz 
were tried, and the 10-Hz measurements were found to provide the most sensitive in- 
dication of the progress of the cure.) 
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material as a function of time. 

The improved method is based on the 
observation that, typically, the conductivi- 
ty tends to change more during the cur- 
ing process than the permittivity does, and 
the conductivity is less dependent on fre- 
quency. This means that, in comparison 
with the permittivity, the conductivity is a 
more-sensitive and more-reliable indicator 
of the progress of the cure. The conduc- 
tivity can be used to compute a quantity 
called “ion viscosity." This quantity is re- 
lated to the classical viscosity of a fluid. 
During the cure of a typical polymer, the 
ion viscosity varies over a wide range, 


eventually rising to a plateau toward the 
end of the cure. 

In a demonstration, the method was ap- 
plied to an isophorone di-isocyanate-cured, 
hydroxyl-terminated polybutadiene filled 
with a carbon black and some other in- 
gredients. The ingredients were mixed; 
then the mixture was subjected to dielec- 
tric monitoring as it was heated to and then 
held at the curing temperature. As shown 
in the figure, the ion viscosity decreased 
during the initial increase in temperature, 
then increased (signifing the onset of the 
curing reaction), then leveled off at a 
plateau (signifying completion of the cure). 


The validity of the ion viscosity as an in- 
dicator of the degree of cure was verified 
by correlation with measurements from dif- 
ferential scanning calorimetry, dynamic 
mechanical spectroscopy, thermography, 
chemical analysis, Fourier-transform in- 
frared fiber-optic spectroscopy, and me- 
chanical-strength tests. 

This work was done by David L. Dean 
and Robert K. Walsh of Science Applica- 
tions International Co. for Marshall Space 
Flight Center For further information, Cir- 
cle 30 on the TSP Request Card. 
MFS-28613 


Microsheet Glass in Solar Concentrators 

Desirable properties include durability and smoothness. 

Lewis Research Center, Cleveland, Ohio 


Aluminum 

Coat 



HONEYCOMB PANEL 



ADVANCED MICROSHEET CONCENTRATOR LAYUP 


These Concentrator Panels represent two major solar-reflector concepts 
undergoing development. 


Microsheet glass is being used as a 
highly protective covering material for de- 
velopmental concentrating reflectors for 
solar power systems. Together with other 
materials, the glass is expected to make 
it possible to fabricate lightweight, highly 
reflective, accurate, and long-lived concen- 
trators. “Microsheet glass” is the name 
given to a family of soda-lime glasses rang- 
ing in thickness from 1 to 20 mils (0.025 
to 0.51 mm). It is well-suited to use in solar 
concentrators because, like glasses in gen- 
eral, it is not affected by ultraviolet radia- 
tion. It is also not degraded by atomic ox- 
ygen, which is found in low orbits around 
the Earth. Although the developmental con- 
centrators are intended for use in outer 
space, it is noteworthy that a terrestrial 
concentrator has been fabricated with 
glass sheet 0.7 mm thick. 

In the construction of a concentrator ac- 
cording to one of several concepts, micro- 
sheet glass is bonded to an aluminum 
facesheet on one side of an aluminum 
honeycomb core. A reflective film of alu- 
minum is evaporated onto the microsheet. 
A second face sheet is bonded to the other 
side of the core. In another concept, the 
microsheet is bonded with epoxy to an alu- 
minum sheet supported in a framework 
(see figure). 

The microsheet glass is cut by scoring 
it with a diamond scribe dipped in motor 
oil. The scribe is moved around a template 
to obtain the required shape. Even pres- 
sure is applied on both sides of the scribe 
line to make the final cut. The edge is then 
polished to remove microcracks. 

It is necessary to remove the oil and 
other contaminants to ensure a void-free 
joint with the overlying aluminum film and 
the underlying glass face sheet. The mi- 
crosheet is degreased in a solvent, im- 
mersed in an alkaline solution, rinsed, im- 
mersed in an acid solution, rinsed again, 
and dried in an oven. 


The microsheet can be given a par- 
aboloidal contour required for a concen- 
trating reflector by heating it in an argon 
atmosphere to just below its softening 
temperature of 720 °C in a Pyrex (or 
equivalent>lined graphite mold that has the 
desired shape of the concentrator. During 
about 30 minutes, it gradually slumps, 
assuming the contour of the mold. It is 
then cooled to just above its annealing 
temperature of 550 °C and held there for 
1 hour. It is then cooled at a rate of 3 to 
5 °C per minute to a temperature just 
below its strain point of 508 °C. Finally, the 
heat is turned off and the glass is cooled 


to room temperature in argon. 

This work was done by Scott W. Richter 
of Sverdrup Technology, Inc. in support of 
Lewis Research Center Further informa- 
tion may be found in NASA TM-1 02406 
[N90-14678], " Technology Development 
Program for an Advanced Microsheet 
Glass Concentrator." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 33&4700. 

LEW-15105 
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Coating Hydrostatic Bearings To Resist Ignition in Oxygen 

A superalloy is plasma-sprayed onto rubbing surfaces. 


Marshall Space Flight Center, Alabama 

Coats of the superalloy M A 754 would 
be plasma-sprayed onto the occasion- 



The Coat of MA 754 Superalloy in the proposed design would 
eliminate the need for the runner and would enhance control over the 
critical bearing clearance. 


ally rubbing surfaces of hydrostatic jour- 
nal bearings that operate in liquid and/ 
or gaseous oxygen, 
according to a pro- 
posal. These coats 
would prevent the ig- 
nition and combus- 
tion that occur when 
components made of 
stainless steels or 
other conventional 
bearing alloys rub 
against each other in 
oxygen. 

At present, bear- 
ings are made com- 
patible with oxygen 
by fabricating the oc- 
casionally rubbing 
components of silver 
or an alloy of mostly 
nickel and copper. 
T ypically , these com- 
ponents include the 
bearing itself, plus a 
runner, which is the 
part that occasionally 
rubs against the bear- 


ing. The runner is press-fit or otherwise 
attached to the shaft, as shown at the 
top of the figure. Because the coeffi- 
cient of thermal expansion of the bear- 
ing and runner differ from that of the 
shaft, it is difficult to maintain the tight 
control of the bearing clearance that is 
necessary for proper operation. 

If the occasionally rubbing surfaces 
were coated with MA 754 superalloy as 
proposed, the bulk of the bearing could 
be made of the same material as that of 
the shaft, and the runner could be elimi- 
nated, as shown in the lower part of the 
figure. Because the combined thick- 
nesses of the superalloy coats would 
be less than the overall radial thickness 
of the bearing, the different thermal 
expansion of the coats would have neg- 
ligible effect. Essentially, the shaft and 
bearing would thermally expand and 
contract together, and the thermal error 
in the bearing clearance would be elimi- 
nated. 

The composition of MA 754 in weight 
percentages is nickel 77.6 +x (where x < 
1.0), chromium 20, titanium 0.5, aluminum, 
0.3, yttria 0.6, and iron 1.0-x. The alloy 


Vacuum Pump 
Vibration Isolator 


NEC Vibration Isolators effectively remove 
turbomolecular and cryo pump vibrations. 

Available in elastomer and air-isolated versions, 
they are UHV compatible, have short insertion 
lengths and high conductance. A wide variety of 
flanges are available. 

Contact NEC for further details concerning the 
Models VI-1 and the VI-2 vibration isolators. 



Electrostatics 
□ Corp. 

Graber Rd., Box 310, Middleton, W1 53562 
Tel. 608/831-7600 • Fax 608/256-4103 


Apollo Commemorative Poster 

Actual size: 30" x 21" — in full color! 



Relive mankind's greatest 
adventure with this official 
NASA commemorative 
poster. A full-color 
rendition of the Apollo 
moon landing printed on 
high-quality poster stock 
and shipped in a 
protective tube. Special 
price only $8.95 each. 
Order three for only 
$25.00. 

Additional postage and 
handling charge for 
one poster is $5.00 
and for all three 
posters only $12.00. 


Rush me Apollo commemorative poster(s). Handling and 

postage charge for a single poster is $5.00 and for the special 
three poster order handling and postage charge is only $12.00. 
(NY residents add sales tax.) Total enclosed: $_ 
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41 East 42nd Street. New York, New York 10017 
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SPECIFY INCO SPECIALTY POWDERS 
FOR WIDE RANGE OF 
ELECTRONIC APPLICATIONS 



Inco Type T 287 Filamentary Powder, particle size (FSSS) 
2.6-3. 3 microns, apparent density 0. 75-0.95 g/cc, relative 
surface resistivity 0.30 ohms per square CD). 



Novamet HCA-1 Flake, screen mesh 98% minus 400, 
apparent density 0.90 g/cc, thickness 10-11 microns, 
surface resistivity 0.25 fi/O. 



Novamet Silver Coated Nickel Spheres, 15% Ag, 

2.5 g/cc apparent density, particle size 10 microns, 
screen mesh 99%-250, surface resistivity 0.03 Q/D. 



Novamet Nickel Coated Graphite, 60% fully encapsulated Ni, 
apparent density 1.6 g/cc, particle size (FSSS) 100 microns, 
screen mesh 63% 150/ + 250. surface resistivity 0.3Q/D. 


Inco Specialty Powder Products now has a wide 
range of nickel and coated powders with exceptional 
conductive and magnetic properties. These properties 
make them ideal for a spectrum of electronic applica- 
tions such as conducting film technology, coatings, 
adhesives, gaskets and EMI shielding. 

EXTENSIVE PRODUCT RANGE 

The development of computer processed control 
coupled with the continuous powder production 
improvements enables us to meet your most stringent 
powder specifications for electronic applications. 

In addition to the products pictured above. INCO SPP 
has available the following high performance powder 
products. Novamet Conductive Nickel Spheres, particle 
size (FSSS) 8-9 microns, apparent density 3. 2-3. 5 g/cc, 
surface resistivity 1.0 ohms per square. Novamet 525 
Conductive Nickel Pigment, screen mesh 100% minus 
400. particle size 3.2 microns, 0 65 BET surface area 
m’/g, surface resistivity 0.35 ohms per square. Silver 
Coated Nickel Flake. 15% Ag, 2.6 g/cc apparent den- 
sity, particle size (FSSS) 15 microns, screen mesh 99% 
minus 200, surface resistivity 0 04 ohms per square. 

Magnetic ferrites and surge arrestor applications also 


use our specialized range of nickel oxides. High Purity 
Black Nickel Oxide, 77.2% Ni, BET 75 (m /g) particle 
size (FSSS) 5.2 microns, minus 325 mesh 99% plus. 
Green Nickel Oxide, 78.5% Ni. BET 3 (m’/g) particle 
size 1.6 microns, - 325 mesh 100%. 

Inco Specialty Powder Products is your unique 
source for custom fitting high performance powders into 
electronic applications. Our customer focused, world- 
wide marketing service group is ready to help you with 
your current and future needs. 

For more information write INCO Specialty Powder 
Products. Dept. 1-90, Park 80 West-Plaza Two, Saddle 
Brook, NJ 07662 


INCO SPP 

Park 80 West-Plaza Two. Saddle Brook. NJ 07662 
Shin-Muromachi Building. 4-3 Nihonbashi-Muromachi 2-Chome. 

Chuo-ku. Tokyo 103 Japan 
1-3 Grosvenor Place. London SW1X7EA England 
15/FI Wilson House. 19-27 Wyndham Street Central, Hong Kong 
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is made by powder metallurgy, and the yt- 
tria imparts additional strength. This ma- 
terial has been shown to be compatible 
with liquid and gaseous oxygen at high 
pressure in promoted-combustion and fric- 
tional-heating tests. Because the material 
has a low coefficient of friction and high 


mechanical strength, it would undergo 
little deformation during a rub. 

This work was done by Merle E. 
Funkhouser of United Technologies Corp. 

for Marshall Space Flight Center For 

further information, Circle 36 on the TSP 


Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 26], Refer 
to MFS-28636. 


Polyimides Containing Amide and Perfluoroisopropyl Links 

Flexible linkage yields polyimides with improved solubilities, strengths, and thermo-oxidative stabilities. 


Langley Research Center, Hampton, Virginia 


Polyimides are condensation-type poly- 
mers commonly synthesized by the reac- 
tion of aromatic diamines with aromatic 
dianhydrides. The intermediate polyamide- 


acids are either thermally or chemically 
dehydrated to form the polyimides. Rolyim- 
ides are generally insoluble after conver- 
sion from the polyamide-acid form to the 


polyimide form. Soluble polyimides are ex- 
tremely useful in that they can be used to 
make polyimide films and coatings. In a 
new synthesis, a flexible linkage, the per- 
fluoroisopropyl group, was incorporated in- 
to the dianhydride portion of the polymer 
to improve the solubility characteristics of 
the polyimides. 

More specifically, new polyimides were 
synthesized from the reactions of aromatic 
hexafluoroisopropyl dianhydrides with asym- 
metric amide diamines. The polyimides 
were found to be soluble to the extent of 
at least 10 percent by weight at a tem- 
perature of about 25 °C in common amide 
solvents such as N-methylpyrrolidone, 
N,N-dimethylacetamide, and N,N-dimethyl- 
formamide. These polyimides were found 
to form tough, flexible films, coatings, and 
moldings. Glass-transition temperatures 
ranged from 300 to 365 °C, and crystalline 
melting temperatures were observed be- 
tween 543 and 603 °C. 

Films of several of these polyimides 
were shown to be semicrystalline, as evi- 
denced by wide-angle x-ray scattering and 
differential scanning calorimetry. In com- 
parison with prior state-of-the-art polyimide 
films, these films are more soluble in polar 
solvents and exhibit less color. At a tem- 
perature of 25 °C, the average values of 
tensile strength, tensile modulus, and 
elongation at break were found to be 16.3 
kpsi (112 MPa), 506.8, kpsi (3.494 GPa), 
and 4.58 percent, respectively. Mechanical 
properties at 204 °C were also found to 
be good. The thermo-oxidative stabilities 
of the new polyimide films were found to 
be as good as or better than those of prior 
state-of-the-art polyimides. 

The new soluble polyimides display ex- 
cellent physical, chemical, and electrical 
properties, which render them useful as 
adhesives, laminating resins, fibers, coatings 
for electrical and decorative purposes, films, 
wire enamels, and molding compounds. 

This work was done by James F. Dezern 
of Langley Research Center For further 
information, Circle 4 on the TSP Request 
Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 26], Refer to LAR-14608. 
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Computer Programs 


COSMIC: Transferring NASA Software 

COSMIC. NASA'S Computer Software Management and Information Center, distributes software developed with 
NASA funding to industry, other government agencies and academia 

COSMIC s inventory is updated regularly, new programs are reported in Tech Briefs For additional information on 
any of the programs descnbed here, circle the appropnate TSP number 

If you don't find a program in this issue that meets your needs, call COSMIC directly for a free review of programs 
in your area of interest. You can also purchase the annual COSMIC Software Catalog, containing descriptions and 
ordering information for available software. 

COSMIC is part of NASA's Technology Transfer Network. 

COSMIC®— John A. Gibson, Director. 

Phone (706) 542-3265; FAX (706) 542-4807 
The University of Georgia. 382 East Broad Street, 

Athens. Georgia 30602 


Computer Programs 

These programs may be obtained at a very 
reasonable cost from COSMIC, a facility 
sponsored by NASA to make computer pro- 
grams available on program price, size and 
availability, circle the reference number on 


m 


Materials 


Preprocessing Program 
for Finite-Element Analyses 

COMGEN generates 
finite-element models of 
composite materials at 
the micromechanical level. 

A significant percentage of time spent 
in a typical finite-element analysis is taken 
up in the modeling process and assign- 
ment of loads and constraints. The analyst 
must be both well-versed in the art of finite- 
element modeling and familiar with some 
sort of preprocessing software to perform 
the task expeditiously. 

COMGEN (Composite Model GENera- 
tor) is an interactive FORTRAN program 
that can be used to create a wide variety 
of finite-element models of continuous- 
fiber composite materials at the micro- 
scopic level. It quickly generates batch or 
‘'session" files to be submitted to the finite- 
element pre- and post-processor program, 
PATRAN, from PDA Engineering, Costa 
Mesa, CA. 

COMGEN reflects the assumption that 
the constituents of a composite material 
to be geometrically modeled, can be repre- 
sented by a “unit cell” of a fiber surround- 
ed by matrix material. Two basic types of 
cells are available. Those of the first type 
are arranged in a square packing arrange- 
ment, in which each fiber is positioned in 
the center of a square matrix cell. Cells 
of the second type are packed hexagonal- 
ly, each fiber being centered in its hexag- 
onal matrix cell. Different models can be 
created by use of combinations of square 


and hexagonal packing schemes. Varia- 
tions include two- and three dimensional 
cases, models with fiber/matrix interfaces, 
and different constructions of unit cells 

Inputs from the user include the diame- 
ter of the fibers and the percent of vol 
ume occupied by fibers. In addition, vari 
ous mesh densities, boundary conditions, 
and loads can be assigned to the models 
within COMGEN. The PATRAN program 
then uses a COMGEN session file to gen- 
erate finite-element models and their as- 
sociated loads, which can then be trans- 
lated to virtually any finite-element analysis 
code; e.g., NASTRAN or MARC. 

COMGEN is written in FORTRAN 77. It 
has been implemented on DEC VAX com- 
puters running VMS and requires about 


124 Kb of main memory on these comput- 
ers. The program is available on a 5.25-in. 
(13.3-cm) MS-DOS format diskette (stand- 
ard medium); in VAX FILES-11 format on 
a 9-track, 1,60Obit/in. (630-bit/cm) magnet- 
ic tape; or on a TK50 tape cartridge. 

COMGEN was developed in 1990. DEC, 
VAX, and VMS are trademarks of Digital 
Equipment Corp. PATRAN is a registered 
trademark of PDA Engineering. 

This work was written by M. E. Metis of 
Lewis Research Center. For further in- 
formation, Circle 79 on the TSP Request 
Card. LEW-15171 


Mechanics 




Program Computes 
Flows of Fluids and Heat 

SINDA’85/FLUINT incorporates 
lumped-parameter-network 
and one-dimensional-flow 
mathematical models. 

SINDA, the Systems Improved Numeri- 
cal Differencing Analyzer, is a software 
system for solving problems that involve 
lumped-parameter representations of phys- 
ical problems governed by diffusion-type 
equations. SINDA was originally designed 
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for the analysis of thermal systems rep- 
resented in electrical-analog, lumped-pa- 
rameter form, although its use can be ex- 
tended to include other classes of physical 
systems that can be modeled in this form. 
As a thermal analyzer, SINDA can handle 
such interrelated phenomena as sublima- 
tion, diffuse radiation within enclosures, 
transport delay effects, and sensitivity anal- 
ysis. FLUINT, the FLUid INTegrator, is an 
advanced one-dimensional fluid-analysis 
program that solves problems that involve 
the flows of fluids in arbitrary networks. 
The working fluids can be of single phase 
(vapor or liquid) or two phases (vapor and 
liquid). The SINDA’85/FLUINT system en- 
ables the analysis of the mutual influences 


of thermal and flow phenomena. 

The SINDA program consists of a pro- 
gramming language, a preprocessor, and 
a subroutine library. The SINDA language 
is designed for working with lumped-pa- 
rameter representations and finite-differ- 
ence solution techniques. The preproces- 
sor accepts programs written in the SINDA 
language and converts them into standard 
FORTRAN. The SINDA library consists of 
a large number of FORTRAN subroutines 
that perform a variety of commonly need- 
ed actions. The use of these subroutines 
can greatly reduce the programming ef- 
fort required to solve many problems. 

A complete run of a SINDA’85/FLUINT 
mathematical model is a four-step proc- 


ess. First, the user’s desired mathematical 
model is run through the preprocessor, 
which writes out data files for the proces- 
sor to read and translates the user’s pro- 
gram code. Then the translated code is 
compiled. In the third step, the user’s code 
is linked with the processor library. Final- 
ly, the processor is executed. 

The features of the SINDA’85/FLUINT 
program include 20, (XX) nodes, 100,000 
conductors, 100 thermal submodels, 10 
fluid submodels, two-phase flow, capillary 
devices, fluids defined by the user, gravita- 
tional and accelerational body forces on 
a fluid, and variable volumes. SINDA'85/ 
FLUINT offers two finite-difference numeri- 
cal solution techniques: the forward-differ- 
ence explicit approximation and the Crank- 
Nicholson approximation (which is implicit). 

The program enables the simulation of 
nonuniform heating and facilitates mathe- 
matical modeling of thin-walled heat ex- 
changers. The ability to model nonequi- 
librium behavior within two-phase volumes 
is included. Recent changes in the pro- 
gram improve the modeling of real evap- 
orator pumps and other capillary-assist 
evaporators. 

SINDA85/FLUINT is available by license 
for a period of 10 years to approved li- 
censees. The licensed program product 
includes the source code and one copy 
of the supporting documentation. Addi- 
tional copies of the documentation may 
be purchased separately at any time. 

SINDA85/FLUINT is written in FORTRAN 
77. Version 2.3 has been implemented on 
DEC VAX-series computers running VMS, 
Sun-3 and Sun-4 computers running 
SunOS, and Cray-series computers run- 
ning UNICOS. The CONVEX version is a 
port of the 1988 version (version 2.2). Bin- 
aries are included with the Sun and Cray 
versions only. The VAX and Sun versions 
contain a graphical display program called 
EXPLOT. The VAX version of EXPLOT re- 
quires the DISSPLA graphics package, 
while the Sun version requires TEMPLATE. 
The VAX and Cray versions of SINDA’85/ 
FLUINT also contain SINGE, an additional 
graphics program developed at Johnson 
Space Center. Both source and executable 
codes are provided for SINGE. Users who 
wish to create their own SINGE executable 
codes will also need the NASA Device In- 
dependent Graphics Library (NASADIG, 
previously known as SMDDIG; VAX ver- 
sion, M SC-21801; UNIX version, MSC- 
22001). The VAX version of SINDA’85/ 
FLUINT is available in DEC VAX BACKUP 
format on a 9-track, 1,600-bit/in. (630-bit / 
cm) magnetic tape (standard distribution 
medium) or TK50 tape cartridge. The Sun 
version is available on a 0.25-in. (6.35-mm) 
streaming-magnetic-tape cartridge in UNIX 
TAR format. The Cray and CONVEX ver- 
sions are available on 9-track, 1,600-bit/in. 
(630-bit/m) magnetic tapes in UNIX TAR 
format. SINDA was developed in 1971, and 
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TOO MUCH TIME 
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Every day, professionals worldwide save time 
and money using Flow Charting 3. It's fast, 
efficient, easy to use, and always produces 
presentation-perfect charts and diagrams. 
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variety of shapes, lines, and text — 
placed where you want them. 
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fluid capability was first added in 1975. Ver- 
sion 2.3 of SINDA'85/FLUINT was released 
in 1990. 

DEC, VAX, and VMS are trademarks of 
Digital Equipment Corp. Sun, Sun-3, Sun-4, 
and SunOS are trademarks of Sun Micro- 
systems, Inc. TEMPLATE is a registered 
trademark of Template Graphics Software. 
CONVEX is a trademark of Convex Com- 
puter Corpi Cray and UNICOS are registered 
trademarks of Cray Research Inc. 

This program was written by Brent 
Cullimore and Steven Bing of Martin 
Marietta Corp. and Mark Welch of Lock- 
heed Engineering and Sciences Co. for 
Johnson Space Center. For further infor- 
mation. Circle 11 on the TSP Request Card. 
M SC-21 778 

Analyzing Transonic Flow 
Over a Wing and Fuselage 

TAWFIVE is computationally 
efficient, yet accurate 
enough for use in design. 

The TAWFIVE computer program calcu- 
lates transonic flow over a transport-type 
wing and fuselage. Although more-compli- 
cated programs that implement Euler and 
Navier-Stokes methods are available, 
TAWFIVE combines a multigrid accelera- 
tion technique in the iterative solution of 
the potential equation with the use of inte- 
gral-form boundary-layer equations to pro- 


vide a software tool that is computational- 
ly efficient, yet accurate enough for use in 
design. 

TAWFIVE simplifies the solution pro- 
cess by breaking the problem into a loose- 
ly coupled set of modified equations. The 
inviscid-flow method, using standard invis- 
cid-flow equations (nonlinear full potential), 
is valid in the “outer" region away from the 
wing, whereas the boundary-layer equa- 
tions are valid in the thin region near the 
solid surface of the wing. 

The two types of equations are coupled 
by a technique of modifying surface bound- 
ary conditions for the equations of inviscid 
flow. The coupling process starts with a 
solution of the equations of the outer flow 
field. Pressures are computed at the sur- 
face of the wing and are used to calculate 
the boundary-layer flow. The properties of 
the boundary layer and wake are then 
computed by use of a three-dimensional 
integral method, and a fictitious layer with 
the computed displacement thickness is 
added onto the solid surface. 

The resulting new fictitious displaced 
wing surface is then regridded and the in- 
viscid-flow field is recomputed. New values 
of the inviscid pressures are then used in 
the boundary-layer method to predict a new 
distribution of displacement thicknesses. 
An underrelaxed update of the previously 
predicted displacement thicknesses is then 
made to obtain a new displacement-thick- 
ness correction that is added to the thick- 


ness of the fictitious layer on the solid sur- 
face. These global iterations are continued 
until suitable convergence is obtained. 

Input to TAWFIVE is limited to geometric 
definition of the configuration, free-stream 
flow quantities, and iteration-control param- 
eters. The geometric input consists of the 
specification of a series of airfoil sections 
to define the wing and a series of fuselage 
cross sections to model the fuselage math- 
ematically. High-aspect-ratio wings are 
modeled more accurately than low-aspect- 
ratio wings are because no special provi- 
sions are made to mathematically model 
the wing/fuselage juncture or the wing-tip 
region accurately. The user can specify the 
solution either in terms of lift or in terms 
of angle of attack. TAWFIVE can produce 
tabular output and input files for PLOT3D 
(COSMIC program number ARC-12779). 

TAWFIVE is written in FORTRAN 77 for 
CRAY-series computers running UNICOS. 
The size of main memory required for ex- 
ecution is 2.7 Mb. This program is available 
on a 9-track, 1,600-bit/in. (630bit/cm) UNIX 
tar format magnetic tape. TAWFIVE was 
under development from 1979 to 1989 and 
first released by COSMIC in 1991. 

CRAY and UNICOS are registered trade- 
marks of Cray Research, Inc. 

This program was written by N. Duane 
Melson and Craig L. Streett of Langley 
Research Center. For further information, 
Circle 60 on the TSP Request Card. 
LAR-14722 
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your own equations 
along with the extensive 
list of built-in equations. 

Choose Your 
Criteria. Choose among 

3 curve fitting algorithms 

4 ranking criteria, and 4 
smoothing functions to 
suit your application! 

Spend Less Time. 
Automatically fit and rank all built-in equations to a 
50 point dataset in 30 seconds (using 80486, 
33MHz). 


View Curve-Fits - Automatically! Step 
through ranked equations, viewing graphs, 
residuals, statistics, confidence limits, and more. 

Import/Export Data Easily. ASCII. Excel ®, 
Quattro * Pro, Lotus*, and other formats, all 
supported. Customize selected graphs and output 
to a variety of devices directly to SigmaPlot ® and 
more! 

TableCurve is backed by a 90-day money-back 
guarantee and excellent technical support. For 
more information on TableCurve and our other 
scientific software call. 1 - 800 - 874- 1888 (inside 
U S.) or 1 - 415 - 453 - 6700 , or contact us at address 
below. 

* DOS version also available. 
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Mechanics 


Interactive-Boundary-Layer Computations for Oscillating Airfoil 

A method of computation based on quasi-steady flow works satisfactorily. 


Ames Research Center, Moffett Field, California 


An interactive-boundary-layer method, 
developed previously for computations of 
steady flow, has been extended, under the 
assumption of quasi-steady flow, to com- 
putations of the evolution of two-dimen- 
sional flow about an oscillating airfoil under 
light-dynamic-stall conditions (i.e„ at angles 
of attack slightly above the angle at which 
the airfoil would stall in steady flow). The 
success of this application represents an 
advance toward the eventual ability to com- 
pute unsteady flows at even greater angles 
of attack with solutions of the equations 
normally used for description of boundary- 
layer flows on airfoils prior to stall. The abili- 
ty to compute the effect of the unsteady 
motion of an airfoil on its stall behavior is 
important in practical studies of the flow 
on the blades of helicopter rotors, axial 
compressors, and turbines. 

In this interactive-boundary-layer method, 
a set of equations, describing viscous flow 
in the boundary layer and another set of 
equations for the inviscid flow in the bulk 
of the fluid are solved and made to interact 
with each other in an iterative scheme. An 
unsteady-potential-flow panel method that 
includes wake modeling is used to repre- 
sent the inviscid flow. The shape of the air- 
foil is represented by a large number of 
straight-line segments called panels (for- 
ming an inscribed polygon). Each panel 
has a constant source strength, which dif- 
fers from panel to panel, and a constant 
vorticity strength, which is the same for 
all panels. The wake is represented by a 
series of free vortices, one shed from the 



Lift predicted by the inviscid panel method 
is compared with lift predicted by the vis- 
cous-inviscid interaction method for an air- 
foil pitching rapidly past the angle at which 
the airfoil would stall statically, 
trailing edge at each instant of time. Each 
shed vortex has a strength that differs from 
the strengths of the other vortices in the 
wake; this strength is a function of position 
along the wake and is dictated by the time 
history of the circulation around the airfoil. 

The boundary-layer part of the present 
method is based on the solution of the two- 
dimensional boundary-layer equations, us- 
ing an eddy-viscosity model. To avoid the 
breakdown of the solution that usually 
occurs at separation, the outer, viscous 
boundary condition expresses the veloci- 
ty as the sum of an inviscid free-stream 
velocity and perturbation velocity com- 


puted from a Hilbert integral. A discrete 
approximation of this integral enables the 
expression of the perturbation velocity in 
terms of the geometric coefficients of the 
airfoil, and the expression of the edge 
boundary condition in a form that provides 
a relationship with the external velocity and 
displacement thickness. The boundary- 
layer equations for flow on the airfoil and 
in the wake are solved by a finite-difference 
technique. The boundary-layer solution 
provides updated boundary conditions for 
the inviscid solution and vice versa, and 
the computations are repeated until the 
solutions converge. 

The results of these interactive-bound- 
ary-layer computations of flow about an 
oscillating airfoil clearly show the effects 
of the viscous layer on the variation of lift 
with the angle of attack under unsteady 
condition (see figure). They also show that 
the quasi-steady interactive-boundary-layer 
method satisfactorily represents the flow 
over the airfoil at these angles of attack. 

This work was done by L. W. Carr of 
Ames Research Center T. Cebeci of 
Douglas Aircraft Co., and Hong- Ming Jang 
of the University of Michigan. Further in- 
formation may be found in AIAA paper 
89A-25016, "An Interactive Boundary Layer 
Procedure for Oscillating Airfoils Including 
Transition Effects." 

Copies may be purchased [prepayment 
required] from AIAA Technical Information 
Service Library, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
2476500. ARC-12466 


High-Temperature, Flexible, Pressure-Assisted Brush Seal 

Ceramic-fibers brush and an integral spring clip would block hot, engine flows. 


Lewis Research Center, Cleveland, Ohio 


A proposed high-temperature brush seal 
would include a bundle of ceramic fibers 
or bristles packed tightly together to mini- 
mize leakage. The ceramic brush seal 
would withstand operating temperatures 
much higher than those of metal-brush 
shaft seals found on some of today's tur- 
bojet engines. The ceramic brush seal is 
designed to block the leakage of gases 
through gaps between panels in advanced 
aerospace vehicles. The primary use 
would be in the gaps between movable 
panels and adjacent sidewall panels in ad- 
vanced ramjet and scramjet engines. 
Other potential applications include seal- 


ing gaps in variable-geometry two-dimen- 
sional turbojet exhaust nozzles or sealing 
control surface gaps of hypersonic vehi- 
cles. The ceramic brush seals could also 
be used as structural seals in high-tem- 
perature furnaces or advanced ceramic 
heat exchangers. 

In the intended engine application, the 
seal (see figure) would include the ceramic 
brush packing and a secondary spring clip 
mounted in a closely mating seal channel 
in the movable panel. To increase the den- 
sity of packing of the fibers or bristles in 
the brush and thereby decrease the per- 
meability and leakage, the fibers or bristles 


could be tied together or interleaved with 
other fibers along the length of the seal. 
This type of hybrid or braided construction 
would increase the ability of the seal to 
withstand the high engine pressures and 
the supersonic flow of hot gas tangent to 
the exposed edge of the seal. It would also 
minimize the damage caused by the slid- 
ing of the seal on the stationary panel. 

The bristles would be mounted and 
secured with a backing plate in the seal 
channel. The brush would extend out from 
the movable panel and make contact with 
the stationary panel. The angle between 
the seal and the stationary panel would 
be such that the pressure would act to im- 
prove the sealing contact between them. 
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The High-Temperature, Pressure-Assisted Brush Seal would be installed in a movable 
panel in an advanced hypersonic engine. The seal would prevent the flow of hot engine 
gas from penetrating the gap between the movable panel and the adjacent stationary panel. 


In engine applications requiring significant 
seal travel or “stroke," an optional cooled 
pressurized metals bellows could be used 
to preload the seal against the adjacent 
sidewall. 

The brush seal and the metal spring clip 
work synergistically to improve the overall 
performance of the seal system. The low- 
conductivity ceramic brush functions as 
an excellent insulator or first line of defense 
against the >2,000 °F (1,100 °C) engine 
flow gases. The integral metal spring clip 
located on the “cooler” [<1,500 °F 
(820 °C)] side of the ceramic brush pro- 
vides a virtually leak-tight seal. 

The angle between the clip and the sta- 
tionary panel would be nominally the same 
as the angle between the brush seal and 
the stationary panel. The engine pressure 
would also act to improve the sealing con- 
tact between the spring clip and the sta- 
tionary panel. To accommodate the distor- 
tions of the stationary panel, the spring clip 
could be segmented along its length, with 
adjacent spring clips overlapping. 

The fibers of the brush packing could 
be made of materials such as alumina- 
silica, alumina-boria-silica or silicon car- 
bide. Such fibers remain flexible when hot, 
and should function at high operating tem- 
peratures [up to 2,300 °F (1,260 °C)]. The 
permeability of the brush packing could 
be reduced significantly by the use of 
fibers with square cross sections in place 
of fibers with circular cross sections, so 
as to achieve a nearly ideal 100-percent 


packing density instead of the more typical 
60-percent packing density. The backing 
plate and spring clip could be made of 
either nickel- or cobalt-based superalloys. 

This work was done by Bruce M. Steinetz 
ol Lewis Research Center and Paul J. 
Sirocky of Sverdrup Technology, Inc. For 
further information, Circle 92 on the TSP 


Request Card. 

This invention has been patented by 
NASA (U. S. Patent No. 5,076,590). In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Lewis Research Center [see 
page 26], Refer to LEW-15086. 


High-Temperature, Flexible, Fiber-Preform 

Seals can be tailored to service in a variety of environments. 

Lewis Research Center, Cleveland, Ohio 


Fligh-temperature seals of a new type 
consist of preforms of multiple layers of 
fibers wound in configurations that mini- 
mize gas leakage while maintaining flex- 
ibility. The seals withstand operating tem- 
peratures much greater than those of prior 
fiber-preform or fiber-reinforced seals. The 
proposed fiber-preform seals are intended 
primarily to block hypersonic flows of air 
and engine gases through gaps between 
movable panels and adjacent stationary 
sidewall panels in advanced aircraft engines. 

As shown in Figure 1, a representative 
seal includes a core of straight uniaxial (0°) 
fibers covered by various right-hand and 
left-hand spiral-wound fibers. The volume 
fractions of the various types of fibers are 
selected to optimize the seal for a given 
application to meet the competing require- 
ments to minimize leakage and to enable 
the preform to conform to small bend radii. 
Increasing the fraction of uniaxial fibers de- 
creases leakage but increases the bending 
stiffness. To resist abrasion damage, a 
sheath is braided over the seal. The sheath 
can be constructed of either 2- or 3-dimen- 


sional braid-architectures. 

The addition of helical wraps of fibers 
increases the shear strength of the seal, 
helping minimize damage by abrasion as 


Seals 


the seal slides on a highly distorted sta- 
tionary wall. These inner helical wraps also 
reduce leakage by increasing seal pack- 
ing density, thereby providing a more tor- 
tuous flow path. Materials selected for the 
seal are dependent on the application. For 



Figure 1. The High-Temperature, Flexible, Fiber-Preform Seal includes axial core and helical 
windings, and an abrasion-resistant sheath. 
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Fk>w of Hot 
Engine Gas 

BASIC VERSION WITHOUT COOLING OF SEAL 


Ttanspiralion- 
Coolmg Flow 


Flow of Cooling 
and Purging Gas 
in Central Manifold 


Coolant 

Manifold 

VERSION WITH COOLANT MANIFOLO IN SEAL 


the highest tempera- 
ture operation, where 
the duty cycle is static 
or mildly dynamic, the 
seal can be made ex- 
clusively of ceramic fi- 
bers. These fiber ma- 
terials include alumina- 
silica, alumina-boria- 
silica, or silicon carbide 
and can operate at tem- 
peratures up to 
2,3000°F (1 ,260°C). 
For temperatures up to 
1 ,800°F (980°C), 

where the seal must 
resist significant abra- 
sion and dynamic cy- 
cling, the outer sheath 
should be braided of 
small-gauge superalloy 
metal filaments. 

In one application 
(see Figure 2), the de- 
vice seals the sliding 

Figure 2. The Fiber-Pre- 
form Seals would be used 
between movable and sta- 
tionary panels in ad- 
vanced aircraft engines or 
to seal gaps of high-tem- 
perature furnaces. 


interface between movable and sta- 
tionary engine panels of advanced hy- 
personic engines. The seal is mounted 
in a close-tolerance seal channel in the 
movable panel.To maintain good con- 
tact between the seal and the possibly 
distorted stationary wall, the seal would 
be preloaded by a cooled, pressurized 
metal bellows. Optionally, a central su- 
peralloy tube could be incorporated into 
the preform to carry purge cooling gas 
through the seal. This tube would also 
serve as a manifold to meter coolant 
gas to engine stations where the tem- 
peratures and pressures are higher. An 
inert gas. such as helium, flowing radi- 
ally outward through the seal, would 
cool the seal and purge the cavity be- 
hind the seal of potentially explosive 
hydrogen/oxygen mixtures. 

This work was done by Bruce M. Steinetz 
of Lewis Research Center and Paul J. 
Sirocky of Sverdrup Technology, Inc. For 
further information, Circle 93 on the TSP 
Request Card. 

This invention has been patented by 
NASA (U. S. Patent No. 5,082,293). In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Lewis Research Center [see 
page 26]. Refer to LEW-15085. 
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Torque-Wrench Adapter for Confined Spaces 


A simple, durable tool can torque nuts that are difficult to reach. 
John F Kennedy Space Center, Florida 


The Spanner-Type Adapter fits a standard torque wrench. 



Wrench 


Adapter 


Adapter 


An adapter for a torque wrench enables 
it to tighten nuts in a confined space. The 
adapter allows full rotation of nuts with 
minimum clearance of the wrench. 

The adapter is a spanner-type attach- 
ment that fits on the end of a standard 
torque wrench (see figure). A pair of dowel 
pins centers and locks the wrench onto 
a nut. 

The adapter is fabricated from type 304 
stainless-steel plate. It has been made in 
2- and 2'/2-in. (5.1- and 6.4-cm) sizes but 
can readily be made in smaller and larger 
versions. The dowel pins, each 1 in. (2.5 
cm) long and V* in. (0.64 cm) in diameter, 
are also made of 304 stainless steel. 

In the original application for which it 
was designed, the adapter is used to apply 
a torque of 40 lb-in. (4.5 N-m). However, 
it can withstand torques up to 100 Ib-ft (136 
N-m). 

This work was done by Alan Littlefield 

of Kennedy Space Center For further in- 
formation, Circle 16 on the TSP Request 
Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Kennedy 
Space Center [see page 26], Refer to 
KSC-11508. 



In an instant. 
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A Fractional-Step Method of Computing Incompressible Flow 


Volume fluxes replace velocities as dependent variables. 
Ames Research Center, Moffett Field, California 

A method of computing the time-depend- 


ent flow of an incompressible, viscous 
fluid involves the numerical solution of 
the Navier-Stokes equations on a two- or 
three-dimensional computational grid that 
is based on generalized curvilinear coor- 
dinates. Like a number of such methods 
that have been reported in NASA Tech 
Briefs in recent years, this one is an in- 
termediate product of a continuing effort 
to satisfy the competing requirements for 


accuracy and computational efficiency. 

The equations of this method are derived 
in a primitive-variable formulation. The de- 
pendent variables are the pressure at the 
center of each cell of the computational 
grid and the volume fluxes across the 
faces of each cell. The volume fluxes re- 
place the Cartesian components of veloci- 
ty; these fluxes correspond to the contra- 
variant components of velocity multiplied 
by the volume of the computational cell, 


in a staggered grid. This choice of depend- 
ent variables enables a simple extension 
of the previously developed staggered-grid 
approach to generalized curvilinear coor- 
dinates and facilitates enforcement of the 
conservation of mass as explained below. 

The Navier-Stokes equations are dis- 
cretized by finite volumes on the staggered 
grid. The resulting discrete approximation 
of the equations is accurate to second 
order in space and time. The solution fol- 
lows a fractional-step approach, which en- 
tails two stages at each time step. In the 
first stage, the equations of conservation 
of momentum are solved to obtain an ap- 
proximate flow field that does not conserve 
mass. In the second stage, the pressure 
and velocity (as expressed in terms of 
volume fluxes) fields are corrected to satis- 
fy the equation of conservation of mass; 
this step leads to a Poisson equation with 
Neumann boundary conditions. 

Because the solution of the Poisson 
equation can consume a substantial por- 
tion of the computing time, an efficient 
method of solution can be very beneficial. 
The particular choice of dependent vari- 
ables and staggered grid facilitates the de- 
velopment of a computer program that 
solves the Poisson equation efficiently in 
nonorthogonal curvilinear coordinates. This 



These Pressure Contours at several cross sections of a duct with a 90° bend were ob- 
tained from computations of flow by the method described in the text. 
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Introducing VisSirrr 1.2 


VisSim1.2is a visually 
programmed, nonlinear 
dynamic modeling application 
for continuous and discrete 
multirate systems. 

VisSim/ANALYZE is an 

analysis add-on that generates 
Bode and root locus plots. 
VisSim/RT is a real-time, data 
acquisition add-on for PC 


boards from: DTI, MetraByte, 
Strawberry Tree, and Advantech. 
VisSim/Neural-Net is an add-on 
based on NeuroWindows™. 
VisSim/C-Code is an add-on that 
generates C code from a diagram. 

VisSim runs on MS/Windows and 
UNIX®/X systems. 

Call for a free working demo! 
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program implements an iterative scheme 
in which the solution is obtained at all the 
grid points along one coordinate line at a 
time, and the sequence of lines selected 
for solution is determined by a four-' 'color’' 
ordering scheme that assures the decoup- 
ling of the implicit solution for each line 
from the implicit solution of any other line 
of the same "color." 

The method has been tested on several 
two- and three-dimensional laminar flows: 
lid-driven flow in a cavity, symmetric and 
asymmetric flows about a circular cylinder, 
and flow in a rectangular duct with a 90° 
bend (see figure). In all cases, the results 
were in substantial agreement with those 
of other computational methods and with 
data from experiments. 

This work was done by Dochan Kwak 
of Ames Research Center. Moshe 
Rosenfeld of MCAT Institute, and Marcel 
Vinokur of Sterling Zero One. For further 
information, Circle 74 on the TSP Request 
Card. ARC-13154 
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Study of Compressibility 
Corrections to 
Turbulence Models 

Effects on shear layers in 
simulated confined and un- 
confined flows are studied. 

A report presents a comparative study 
of some terms that correct for the effects 
of compressibility in the standard k-e math- 
ematical model of turbulence (where k de- 
notes the turbulence kinetic energy and 
e denotes the rate of dissipation of turbu- 
lence kinetic energy. The classical k- e 
model and various higher-order versions 
of it do not predict accurately the rates of 
spread of free shear layers in compressi- 
ble flows, and the correction terms in 
question represent attempts to overcome 
this deficiency. 

The study involved the simulation of 
flows by numerical solution of the Reyn- 
olds-averaged Navier-Stokes equations. In 
each simulated flow, two streams of air 
flowing at different speeds along a com- 
mon streamwise direction were mingled 
at the trailing edge of a splitter plate, form- 
ing a free shear layer. Both unconfined 
streams and streams confined in a chan- 
nel were considered. The mach numbers 
ranged from subsonic on the slow-stream 
side to hypersonic on the fast-stream side. 

In the cases of unconfined flows, the 
rates of spread computed by use of k-e 
models that incorporated the correction 
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terms were compared with rates of spread 
determined in experiments. In the case of 
confined flow, the velocity profiles and sur- 
face pressures computed with the help of 
the models and correction terms were 
compared with the corresponding experi- 
mental values. 

The comparison showed that the com- 
pressibility-correction terms increase the 
accuracies of computed spread rates, but 
further improvements are warranted. The 
results in the case of the confined flow 
computed with all the models agreed well 
with data from experiments upstream of 
the station where the low-speed side of the 
shear layer merged with the boundary 
layer on the wall; downstream of this sta- 


tion, the results of computations with all 
the models diverged from the experimen- 
tal data. 

This work was done by J. R. Viegas of 
Ames Research Center and M. W. 

Rubesin of MCAT Institute. Further infor- 
mation may be found in AIAA paper A91- 
42590, ‘A Comparative Study of Several 
Compressibility Corrections to Turbulence 
Models Applied to High-Speed Shear 
Layers." 

Copies may be purchased [prepayment 
required] from AIAA Technical Information 
Service Library, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. 
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Deployable Debris 
Shields for Space Station 

Primary debris shields 
would be augmented 
by deployable ones. 

Multilayer shields made of lightweight 
sheet materials could be deployed from 
the proposed Space Station Freedom for 
additional protection against orbiting de- 
bris, according to a report. The deployment 
system could be a modified version of the 
system used to deploy blankets of solar 
photovoltaic cells during the Solar Array 
Flight Experiment aboard the Space Shut- 
tle in 1984. The equipment in that experi- 
ment included a retractable-boom mast, 
a canister in which the mast was stored, 
a box that contained the solar-cell blanket, 
and associated equipment to deploy the 
blankets. 

A deployment mechanism would be 
attached at each location on the exterior 
of the Space Station where extra protec- 
tion was needed. Most such locations 
would likely be on the forward or “upwind" 
side. The shielding material could be 
stored on rolls in cylinders or folded in 
accordionlike fashion in flat cassettes, for 
example. The deployment equipment 
would withdraw a layer of this material 
from storage in a manner similar to unfurl- 
ing a sail or extending a window shade. 
The number of layers to be deployed would 
depend on the required degree of protec- 
tion, and could be as large as five. As in 
the blankets in the solar-array experiment, 
tensioning cables within each shielding 
layer could help maintain its shape. 

This concept for augmentation of 
shielding offers five main advantages: One 
is compact storage of the shielding ma- 
terial. Another is the use of proven mecha- 
nisms (the solar-array-deployment system) 
to reduce the cost of development. The 
third advantage is that the deployment se- 
quence can be simplified greatly (e.g., 
automatic or remotely controlled deploy- 
ment and simultaneous deployment of 
multiple shields), thereby reducing or 
eliminating the need to send astronauts 
outside to deploy the shields. The fourth 
advantage is that the deployment equip- 
ment can be integrated into a small, self- 
contained system that can be handled 
without undue difficulty and possibly in- 
stalled remotely. The fifth advantage is the 
ability to retract the boom to provide ac- 
cess to the shielded surface for inspec- 
tion and/or maintenance. 

This work was done by Eric L. 
Christiansen, Burton G. Cour-Palais, and 
Jeanne Crews of Johnson Space Center 
To obtain a copy of the report, "Deployable 
Debris-Shield Augmentation Element,” Cir- 
cle 22 on the TSP Request Card. 
MSC-21796 
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Machinery 


Configuration-Control Scheme Copes With Singularities 

Joint velocities near singularities are reduced at the expense of small trajectory errors. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


An improved configuration-control scheme 
for a robotic manipulator that has redun- 
dant degrees of freedom suppresses large 
joint velocities near singularities, at the ex- 
pense of small trajectory errors. The 
scheme provides means to enforce the 
order of priority of tasks assigned to the 
robot. 

The basic concept of configuration con- 
trol of a redundant robot was described 
in “Increasing the Dexterity of Redundant 
Robots” (NPO-17801), NASA Tech Briefs, 
Vol. 14, No. 10 (October 1990), page 88. 
To recapitulate: in configuration control, 
one takes advantage of the redundant de- 
grees of freedom to superimpose an ad- 
ditional task or tasks on the basic task, 
which is to make the end effector of the 
manipulator follow a prescribed trajectory. 
Examples of additional tasks include reach- 
ing around obstacles to avoid collisions 
and maintaining one or more links of the 
manipulator arm in a desired posture. 

In basic configuration control, the ma- 
nipulator arm is made to track the desired 
trajectory as closely as possible, regard- 
less of what velocities may be required of 
the manipulator joints. For a typical redun- 
dant manipulator, this kind of tracking may 
require impractically high joint velocities 
in the vicinity of one or more augmented 
Jacobian singularities, which are the joint 
configurations at which the determinant of 
the augmented Jacobian matrix relating 
joint velocities to task velocities goes to 
zero. These singularities can be caused 
by features of the basic task, the additional 
task(s), or by conflicts between the basic 
and additional tasks (see figure). The aug- 
mented Jacobian singularities are often 
too complicated to be determined in ad- 
vance and can therefore be encountered 
unexpectedly during the motion of the 


manipulator arm. 

The improved configurationoontrol scheme 
is a kinematic scheme and is said to be 
"singularity robust,” meaning that in the 
vicinity of a Jacobian singularity, the con- 
trol action is modified optimally in the 
sense that a positive quadratic cost func- 
tion is minimized. The singularity-robust 
approach is known in the mathematical 
literature as the Levenberg-Marquardt- 
stabilization approach and perhaps more 
familiarly as the damped-least-squares ap- 
proach. The cost function is a weighted 
sum of squares of trajectory (basic-task) 
velocity errors, additional-task-velocity 
errors, and joint velocities. By setting the 
gradient of this cost function in joint-velocity 
space to zero, one can find the optimal 
joint velocities, which now result in task 
coordinates and velocity that are slightly 


erroneous with respect to the command- 
ed task. Of course, at coordinates far from 
singularities, the task coordinates and veloc- 
ity are closer to the commanded trajectory. 

The weights in the cost function can be 
chosen to express the relative desirability 
or undesirability of adhering strictly to the 
desired task trajectory vs. keeping the joint 
velocities within bounds, and the optimal 
joint-velocity solution automatically incor- 
porates this tradeoff. As an extension of 
this concept, the weights can be chosen 
to enforce, via the cost function, the order 
of priority of multiple additional tasks. 

This work was done by Homayoun Seraji 
of Caltech and Richard D. Colbaugh of New 
Mexico State Uniuarsity for NASA’s Jet Pro- 
pulsion Laboratory For further informa- 
tion, Circle 55 on the TSP Request Card. 
NP0-18556 



This Planar Four-Link Robotic Manipulator is assigned the basic task of moving the end 
effector horizontally to the right, and the additional task of keeping the distal end of link 2 at the 
initial position. An end-effector singularity and a conflict between the basic link additional tasks 
occur when links 3 and 4 both become horizontal; thereafter, links 3 and 4 cannot move the end 
effector farther to the right to reach the commanded position, but the control scheme will keep 
links 3 and 4 in a configuration such that the end effector is near the rightward limit of travel. 


Membrane Separation of Nitrogen Tetroxide 

A pilot plant reduces N 2 0 4 content to one-hundredth of the inlet value. 


John F. Kennedy Space Center, Florida 


A permeable-membrane process re- 
moves nitrogen tetroxide (which is toxic) 
from a stream of nitrogen or helium gas. 
This process operates in conjunction with 
a scrubbing process that removes N 2 0 4 
from He or N 2 after the He or N 2 has 
been used as a gas blanket in an N 2 0 4 - 
storage tank. In a demonstration pilot ap- 
paratus, the process reduces the concen- 


tration of N 2 0 4 in a 10-ft 3 /min (283-L/min) 
helium stream from 1,000 parts per million 
(ppm) to 10 ppm. The selection of He, rather 
than N 2 , as the medium for the pilot sys- 
tem results in a more stringent test of the 
concept because the membrane separa- 
tion of other gases from He is more dif- 
ficult than is separation from N 2 . 

The process is effected by a two-stage, 


two-step separator (see figure), with three 
banks of membrane modules. The mem- 
brane passes N 2 0 4 preferentially over He, 
so that the gas on the higher-pressure side 
of the membrane is partially depleted of 
N 2 0 4 , while the gas on the other side is 
enriched in N 2 0 4 . 

The first-step modules in the first stage 
contain 30 m 2 of membrane area. They 
are fed with helium containing about 1,000 
ppm N 2 0 4 . The residue (the main stream, 
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partially depleted of N 2 0 4 ) from these modules contains 330 
ppm N 2 0 4 and is fed to the second-step modules, which 
contain 58 m 2 of membrane area. The residue from this step 
contains 10 ppm N 2 0 4 and is vented to the atmosphere. 

The permeate (the side stream enriched in N 2 0 4 ) from the 
first step contains 5,600 ppm N 2 0 4 . It is fed to the second 
stage, which contains 1 8 m 2 of membrane area. The residue 
from the second stage contains 1 ,000 ppm N 2 0 4 and is 
recycled to the inlet of the first stage. The permeate from the 
second stage contains 19,000 ppm N 2 0 4 and is returned to 
the scrubbing tower. (The amount of returned N 2 0 4 is small 
in comparison with the total scrubber load.) 

The membrane material is a polyamide copolymer that 
has a relatively low permeability to nitrogen and helium and 
high permeability to N 2 0 4 . Sheets of the membrane material 
are wrapped with spacer sheets around a perforated central 
tube to form a module. N 2 0 4 -depleted residue leaves through 
the ends of the spacers at the outlet end of the tube. N 2 0 4 - 
enriched permeate leaves through the central tube. 

This work was done by R.C. Castro, J. Kaschemekat, V.D. 

Helm, P.H. Shrock, andJ.G. Wijmans of Membrane Technol- 
ogy and Research, Inc., forKennedy Space Center. For further 
information, Circle 10 on the TSP Request Card. 

In accordance with Public Law 96-5 1 7, the contractor has 
elected to retain title to this invention. Inquires concerning rights for 
its commercial use should be addressed to 

Janet Sarrant 

Membrane Technology & Research, Inc. 



The First Stage of the Separator is divided into two steps for efficiency. The 
permeate from the second step of the first stage and the residue from the 
second stage are returned to the inlet of the first stage. Each module contains 
spiral-wound interleaved permeable membranes and spacer sheets. 

1360 Willow Road, Suite 103 
Menlo Park, CA 94025-1516 

RefertoKSC-11519, volume and number of the NASA Tech Briefs 
issue, and the page number. 


Books and Reports 

These reports, studies, handbooks are avail- 
able from NASA as Technical Support Pack- 
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from 
the National Technical Information Service. 


Subsonic Airplane for 
High-Altitude Research 

The low density of air at high 
altitudes necessitates alter- 
native approaches to design. 


A report discusses the engineering is- 
sues that would be considered in the de- 
sign of a conceptual subsonic airplane in- 
tended to cruise at altitudes of 100,000 ft 
(about 30 km) a higher. The airplane would 
carry scientific instruments for research 


License to exceed 
normal limits - 



offer limitless possibilities 

When you need exceptionally high tempera- 
tures, low thermal conductivity or resistance 
to chemical attack, choose one of Zircar’s 
Zirconia fiber-based materials. Bulk fibers, 
flexible textiles, rigid boards or cylinders: 
nobody knows how to take Zirconia to the 
limit like Zircar! 

m 

Sir car 

FIBROUS CERAMICS 

P.O.Box 458, Florida, NY 10921 
Tel: (914) 651-4481 Fax: (914) 651-3192 


Special Offer From NASA Tech Briefs 



Strikingly beautiful NASA T-Shirt is a must for space buffs! Dra 
matic, full-color design features blueprints of the National Aero- 
Space Plane and Space Station Freedom, with a Shuttle liftoff 
saluting America's space achievements. 100% heavyweight pre- 
shrunk white cotton shirt. Available in adult sizes. Only $1 2.95 each 
+ $5 00 postage and handling (NY residents add sales tax). 

Rush me "Dreams To Reality" T-Shirt(s) in the following size(s): 

(please circle) S M L XL 

Total enclosed: $ 

Name 

Company 

Address 

City/St/Zip 

Mail to: NASA Tech Briefs, Dept. F, 41 East 42nd St. 

Suite 921 , New York, NY 1 001 7 
For credit card orders call (212) 490-3999. 


82 


For More Information Circle No. 621 


NASA Tech Briefs. February 1993 




in the chemistry and physics of the atmos- 
phere — particularly, for studies of the 
‘‘ozone hole,” “greenhouse" gases, and 
climatic effects. It is necessary to develop 
a new subsonic airplane for this purpose 
because (1) the increases in temperatures 
and pressures caused by the shock fronts 
that surround supersonic airplanes could 
distort the scientific measurements and (2) 
at present, the maximum cruising altitude 
achievable by any currently available sub- 
sonic airplane is about 70,000 ft (about 21 
km). 

The basic mission of the proposed air- 
plane is to carry 3,000 lb (1,400 kg) of 
scientific instrumentation along a path 
6,000 mi (9,700 km) long at the specified 
high altitude. The usual airplane-engineer- 
ing considerations of weight, engine 
power, strength and rigidity of structure, 
cost, and duration of flight impose greater 
and more severely conflicting demands in 
this case than in the case of ordinary com- 
mercial airplanes because the low densi- 
ty of air at higher altitudes results in lower 
wing lift and lower engine thrust. Con- 
sequently, alternatives to the usual ap- 
proaches to design must be considered. 

The report identifies the following four 
major technological issues that would af- 
fect the design: 

• Airfoils and propellers must be designed 
for operation at low Reynolds numbers 
and high mach numbers. 

• A new propulsion system must be de- 
signed for efficient operation at the 
100,000-ft (30-km) altitude. 

• Lightweight materials and techniques of 
fabrication must be selected to keep the 
structural portion of the weight of the 
airplane low. 

• Special considerations apply in the design 
and operation of this and other lightly 
loaded [5- to 7-lb-load per square foot of 
wing area (24- to 34-kg-load per square 
meter of wing area)] airplanes near the 
ground in the presence of wind. 
Design features that would address 

some of these issues may include some 
or all of the following: 

• Innovative airframe-and-wing designs, 
most featuring wings with high aspect 
ratios; 

• Large propellers — as much as 30 ft 
(10 m) in diameter; 

• A triple-supercharged reciprocating en- 
gine or engines; 

• Structural components of graphite/epoxy, 
aromatic polyamide, and/or other light- 
weight materials in honeycomb and sand- 
wich construction. 

One of the most important design ques- 
tions is whether the airplane should be 
operated by remote control or by a pilot 
aboard. This issue arises not only because 
of the obvious considerations regarding 
safety and the ability of a pilot to withstand 


long flights but also because elimination 
of the pilot and life-support equipment 
could reduce the total weight of the air- 
plane by 600 to 800 lb (270 to 360 kg). The 
report concludes tentatively that about 80 
percent of all flights would be conducted 
with a pilot aboard. However, the cockpit 
and life-support equipment could be mod- 
ular so that they could be removed to re- 
duce weight on remotely controlled flights. 

One issue that affects the operation 
and, to some extent, the design of the air- 
plane is the method of launch. Alternatives 
to conventional takeoffs may be preferable 


to reduce the weight and range penalties 
associated with ascents through the lower 
altitudes. Candidate alternative launching 
techniques include rocket launch or boost, 
drop from a carrier aircraft, and towed 
ascent. 

This work was done by Alan Chambers 
of Ames Research Center and R. Dale 
Reed of PRC System Services. To obtain 
a copy of the report, "NASA Studies the 
RPV Role: A Very High Altitude Aircraft for 
Global Climate Research , ' ’ Circle 5 on the 
TSP Request Card. 

ARC-12822 
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Fabrication Technology 


Welding Wires to Thin Thermocouple Films 

Parallel-gap resistance welding yields joints that should survive temperatures of about 1,000 °C. 
bswis Research Center, Cleveland, Ohio 


Parallel-gap resistance welding has been 
shown to be effective in attaching lead 
wires to thin-film thermocouples for high- 
temperature service. Temperature sensors 
made by this method have been tested at 
temperatures up to 1,000 °C. 

The tested sensors consisted of platinum 
and 87 percent platinum/ 13 percent rhodium 
thin films; and each lead wire, 76 ftm in 
diameter, had the same composition as 
that of the sensor film to which it was weld- 
ed. Sensor films were deposited on various 
substrates, including superalloys, alumi- 
num oxide, silicon carbide, and silicon 
nitride. Sensors of this type are used to 
measure temperatures and heat fluxes in 
advanced aircraft engines. 

Parallel-gap resistance welding has im- 
portant advantages over other methods of 
attaching wires to thin films. It is much 
faster than is thermocompression bonding, 
which takes at least 4 hours at high tem- 
perature and high clamping pressure to 
produce a diffusion-bonded junction strong 
enough to survive on the rotor of a jet en- 
gine. The speed of parallel-gap resistance 
welding also exceeds that of such tech- 
niques as conductive-paste bonding and 
sputtering thin films through porous flame- 
sprayed insulation on prewelded lead 
wires. Unlike conductive paste, parallel- 
gap welding introduces no foreign material 
into the thermocouple circuit and, unlike 
the flame spraying/sputtering process, 
does not require careful control of the 


thickness of the flame-sprayed material. 

The welder has a pair of parallel elec- 
trodes (see figure). A lead wire is positioned 
on the thin film. The electrodes press the 
wire against the film with a preselected 
force. Welding current passes from one 
electrode through the wire and film to the 
other electrode. 

The surface finishes of the substrates 
used in this investigation varied from 0.1 
to 1 urn. The thicknesses of the platinum 
and platinum/rhodium films ranged from 
1 to 7 iim; the most-consistent results 
were obtained at thicknesses from 3 to 7 
fim. Welding parameters were found ex- 
perimentally for each combination of wire, 
film, and substrate. The best welding volt- 
ages were found to range from 1 to 1.9 V, 
increasing with the thermal conductivities 
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A Parallel-Gap Resistance Welder joins 
a lead wire to a thin-film thermocouple 
element. 


of the substrates. The best welding times 
ranged from 20 to 80 ms. The best welding 
forces ranged from weights of 400 to 850 g 
for platinum and from 600 to 1 ,000 g for 87 
percent platinum/ 13 percent rhodium and 
increased with the hardnesses of the wires. 

Placement of the wire in relation to the 
electrodes is crucial. The wire should be 
centered under the electrodes and perpen- 
dicular to the gap. Otherwise, the pivoting 
motion of the electrodes as they make 
contact with the wire causes the wire to 
roll. This, in turn, damages the thin film. 
The use of preflattened wire eliminates roll- 
ing, but the preflattening operation cold- 
works the wire, making it brittle. An addi- 
tional annealing step after flattening would 
be beneficial. 

This work was done by Raymond 
Holanda Walter S Kim, and Gerald A. 
Danzey of Lewis Research Center and 
Eric Pencil and Mary Wadel of the Univer- 
sity of Cincinnati. Further information may 
be found in NASA TM-102442 [N90-21361], 
‘Attachment of Lead Wires to Thin Film 
Thermocouples Mounted on High Tem- 
perature Materials Using the Parallel Gap 
Welding Process." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 33&4700. 

LEW-15100 


Oxygen-Free Welding Contact Tips 

Electrical erosion is greatly reduced in gas/metal arc welding. 
Langley Research Center, Hampton, Virginia 


Contact tips for gas/metal arc welding 
(GMAW) have been fabricated from an 
oxygen-free copper, significantly reducing 
the electrical-erosion wear rate. Standard 
GMAW contact tips, which are manufac- 
tured from a low-grade, oxygen-impreg- 
nated copper, are considered to be expend- 
able. Problems associated with electrical 
erosion in robotic welding of heavy weld- 
ments include the need to align joints for 
the deposition of filler metal and the need 
to spend excessive amounts of time in the 
removal and replacement of contact tips. 

Twelve prototypes of the new tips were 
made from ASTM F-68-82 oxygen-free cop- 
per, which, heretofore, has been used to 


make electron devices. The prototype tips 
are being tested in robotic welding, for 
which application they are primarily intend- 
ed. The use of the new tip material should 
reduce electrical erosion, increase elec- 
trical conductivity, and reduce mechanical 
wear. The productivity of robotic welding 
should increase while the time during 
which welding has to be interrupted for the 
removal and replacement of contact tips 
should be minimal. The prototype contact 
tips should greatly improve the alignment 
of joints and filler metal, thereby reducing 
the rate of rejection and repair of unac- 
ceptable weldments. Utility extends be- 
yond the aerospace industry to the mass 


production of various types of hardware, 
including heavy off-highway construction 
equipment. 

This work was done by James F. Pike 

of Langley Research Center For further 
information, Circle 38 on the TSP Request 
Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 26]. Refer to LAR-14169 
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Adhesive Contact Sweeper 

Sweeper cleans thoroughly without raising dust. 
Marshall Space Flight Center, Alabama 


An adhesive contact sweeper removes 
hair and particles that a vacuum cleaner 
leaves behind, without stirring up dust as 
a broom does. It can also clean loose rugs, 
which tend to be drawn into and clog 
vacuum cleaners. 

The sweeper includes a frame and two 
spindles. Each spindle holds two spools 


of inverted adhesive tape — that is, with 
the sticky side out (see figure). The spools 
are commercially available products used 
on lint brushes. A broom handle is con- 
nected to the middle bar of the frame by 
a swivel joint, which provides 90° of pivotal 
freedom so that a user can easily move 
the sweeper back and forth over a surface 


while keeping it in contact with the surface 

The sweeper is suitable for use in en- 
vironments in which air must be kept free 
of dust; for example, optics laboratories, 
computer rooms, and areas inhabited by 
people allergic to dust. For carpets, it is 
best used in tandem with a vacuum clean- 
er; a first pass with the vacuum cleaner 
removes coarse particles, and a second 
pass with the sweeper extracts fine par- 
ticles. This practice extends the useful life 
of the adhesive spools. 

The user sweeps a conveniently sized 
section of the surface, first in one direc- 
tion, then in the perpendicular direction. 
The user then moves on to adjacent sec- 
tions until the surface is completely clean. 
When the exposed layer of adhesive tape 
becomes too dirty to be effective, the user 
tears the layer off to expose fresh underly- 
ing tape. When the spools are empty, the 
user removes a side of the frame and re- 
places them with new spools. 

This work was done by Jonathan D. 
Patterson of Marshall Space Flight Cen- 
ter. No further documentation is available. 
MFS-28637 



The Sweeper holds commercially available spools of inverted adhesive tape. 


Softened-Stainless-Steel O-Rings 

These O-rings seal over a wide range of temperatures. 
Lewis Research Center, Cleveland, Ohio 


Work at the Lewis Research Center has 
led to the development and fabrication of 
novel, inexpensive O-rings that are suitable 
for use over a wide range of temperatures. 
Sections of pipe are commonly joined to- 
gether by use of flanges and O-ring adap- 
ters. O-rings made of organic materials are 
unusable for pipe assemblies that are ex- 
posed to high temperatures. Asbestos, fi- 
berglass, and stamped metal seals can be 
used to replace O-rings in joints exposed 
to high temperatures, but the use of such 
replacements is limited by environmental 
or production-related considerations. 

In the fabrication of an O-ring of the new 
type, a tube of 304 stainless steel is bent 
around a mandril into a circle and welded 
closed into a ring (see figure). The ring is 
then annealed in a furnace to make it soft 
and highly ductile. In this condition, it can 
be used as a crushable, deformable O-ring 
seal. 

O-ring replacements of this type offer 
several advantages. They can be used in 
a variety of atmospheres and temperatures, 
are relatively inexpensive, can be fabricat- 
ed with a minimum amount of work, are 
amenable to one-of-a-kind production, are 


reusable, and are environmentally benign. 
This work was done by G. A. Marquis 

of Lewis Research Center and William 


I. Waters of Sverdrup Technology, Inc. No 
further documentation is available. 
LEW-15344 



This O-Ring was made from a 304-stainless-steel tube of y 16 -in. (7.94-mm) outside diameter 
and V«-in. (6.35-mm) inside diameter. 
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Energetic Atoms Would Etch Photoresists Anisotropically 

Directed kinetic energy enhances reactivity. 


Lyndon B. Johnson Space Center, Houston, Texas 


Directed beams of single oxygen atoms 
that have kinetic energies between 1 and 
5 eV have been successfully used in the 
anisotropic etching of oxygen-labile photo- 
resist patterns on silicon wafers. Anisotro- 
pic etching of photoresist is a key step in 
the manufacture of integrated circuits on 
semiconductor wafers. The use of high- 
kinetic-energy, neutral-oxygen atom beams 
in the lithographic (pattern-transfer) proc- 
essing of integrated circuits has important 
potential advantages over such state-of- 
the-art methods as reactive ion etching. 
Most significantly, damage to the semicon- 
ductor material under a photoresist layer 
is reduced or eliminated when a 1- to 5-eV 
oxygen-atom beam is used simply be- 
cause offending high-energy ions and 
photons are no longer part of the process- 
ing environment. The 1- to 5-eV-atom-beam 
method might be incorporated into litho- 
graphic processes for the fabrication of in- 
tegrated circuits. 

The anisotropic-etching technique is 
based on the discovery that the reactivity 
of oxygen atoms with organic solids de- 
pends strongly on the kinetic energy of the 
atoms (see Figure 1), and, in particular, the 



Figure 1. The Reaction Efficiency — a measure of the surface-eroding chemical reactivity — 
of atomic oxygen impinging on Kapton polyimide was measured as a function of the kinetic 
energy of the oxygen atoms. The measurements agree fairly well with the theoretical curve, 
which represents a modified Arrhenius function in which the thermal-energy term is replaced 
bv the average kinetic energy of the atoms. 




The Difference Between 
Our Gaussmeters 
And Everyone Else’s. 


The 9000 Series. F.W Bell's newest generation of 
Gaussmeters and Probes for measuring magnetic fields. 
They're like Fighter Jets in a world of paper airplanes. 
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Finally, the 9640 With a zero-center analog meter, 
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come to expect from F.W. Bell. 

Just call 1-800-775-2550 for more informa- 
tion, or a free demonstration. And see how to 
really make your project fly. 
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reactivity of 1- to 5-eV (hyperthemnal) atoms 
is thousands of times as great as that of 
0.04-eV (thermal) atoms. As a result, a 
directed beam of hyperthermal atoms 
rapidly attacks the photoresist polymer, 
producing a sharp anisotropic etch. Atoms 
that scatter from the photoresist without 
reacting lose most of their kinetic energy 
in inelastic collisions and show greatly re- 
duced reactivity as a result. In a fabrica- 
tion process, the beam would be turned off 
after etching through the photoresist and 
before the thermalized atoms produced by 
inelastic collision with the substrate could 
undercut the pattern significantly. 

In a demonstration of this method, sam- 
ples of a trilayer photoresist pattern on a 
silicon substrate were etched by a beam 
of neutral atoms at a kinetic energy of 2 
eV per atom, with a total dose of 3 x 10 19 
atoms/cm 2 . The results of the experiment 


are shown in Figure 2. While some under- 
cutting caused by an excessive dose is evi- 
dent, the results clearly demonstrate the 
potential of hyperthermal neutral atom 
beams for anisotropic etching in the manu- 
facture of integrated circuits or in other 
photolithographic processes in which pre- 
cise micropatterns are etched in polymer 
surfaces. 

This work was done by Steven Koontz 
of Johnson Space Center and Jon Cross 
of Los Alamos National Laboratories. For 
further information, Circle Ion the TSP Re- 
quest Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial devel- 
opment should be addressed to the latent 
Counsel, Johnson Space Center [see page 
26). Refer to MSC-21631. 


Pressurized Shell Molds 
for Metal-Matrix Composites 

Balancing of internal and external pressures simplifies 
fabrication and reduces costs. 

Lyndon B. Johnson Space Center, Houston, Texas 


Babnced-pressure molds are used to 
make parts in complex shapes from fiber- 
reinforced metal-matrix composite materi- 
als. In a single step, the balanced-pressure 
molding process makes parts in nearly 
their final shapes; only minor finishing is 
needed. Because the molding pressure is 


the same on the inside and outside, a mold 
does not have to be especially strong and 
can be made of a cheap, nonstructural 
material like glass or graphite. 

In the balanced-pressure molding meth- 
od, fibers do not have to be cut to conform 
to molds. The method produces parts with 


3M Publishes 
Heat-Shrink 
Cross Reference 
Chart 

Helps OEM designers find 
best fit for standard tub- 
ings, molded shapes and 
shield terminators. 

AUSTIN, Tex. — Finding the best heat- 
shrink tubing fast is the purpose behind 
3M’s new heat-shrink tubing cross refer- 
ence chart. 

It includes hundreds of descriptions 
and drawings, all cross referenced with 
part numbers for quick ordering. 

Products include 
single and dual-wall 
polyolefins, and 
special purpose 
tubings of modi- 
fied fluoropoly- 
mer, polychloro- 
prene and poly- 
ester elastomer. 

Comparisons 
are made with 
3M shield termi- 
nators that include 
NAS and MIL 
specification part numbers. 

Thirty different styles of molded 
shapes are depicted in cross-section for 
easy application to drawings. Index 
pages describe guidelines to both part 
numbering systems. 

3M heat-shrinkable tubings provide 
electrical insulation for cables, harnesses, 
components, terminals, splices and termi- 
nations. Special adhesives and encapsu- 
lants combine to provide mechanical sup- 
ports, strain relief and environmental 
protection. 

Standard tubings handled through dis- 
tributors are stocked for shipment within 
three working days. Special materials, 
adhesives, sealants and shapes are avail- 
able from 3M customer service teams. 
These teams also offer assistance in 
preparing proposals. 

For more information, contact a 3M 
Electrical Specialties Division representa- 
tive or authorized distributor, or call 
1-800-322-7711. 



Hundreds of listings 
include applicable UL, 
CSA, AMS and MIL 
specs. 


3M Electrical Specialties Division M 

6801 River Place Boulevard 

Austin. Texas 78726-9000 W ■ 
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A Preform of Continuous Graphite Fibers 

rests in a glass or graphite mold. Molten 
aluminum is poured into the mold and pres- 
surized. An equal opposing pressure is ap- 
plied to the outside of the mold. 

Books and Reports 

These reports, studies, handbooks are avail- 
able from NASA as Technical Support Pack- 
ages (TSP's) when a Request Card number is 
cited; otherwise they are available from the 
National Technical Information Service 

Pulsed-Current Welding 
of Nickel-Based Alloy 

Joints are as strong as (or 
stronger than) joints made 
with constant current. 

Pulsed-current gas/tungsten arc weld- 
ing produces joints at least as strong as 


a high content of continuous fibers — 
greater than 55 percent by volume. The 
parts are stiff but light in weight, and their 
coefficients of thermal expansion can be 
adjusted. The parts have resistances to 
mechanical and thermal fatigue superior 
to those of similar parts made by prior 
fabrication methods. 

The new method is based on the prior 
liquid-metal-infiltration method, in which a 
matrix metal in liquid form is poured into a 
mold that contains a preform composed of 
the reinforcing fiber in a mold. Ordinarily, to 
ensure that the liquid wets the surfaces of 
the fibers, the inside of the mold must be 
pressurized to more than 500 lb/in. 2 (3.4 
MPa). This means that the mold must be 
made of a strong structural material. 


those made by constant-current gas/tung- 
sten arc welding, a report shows. The re- 
port is based on a study of pulsed-current 
versus constant-current gas/tungsten arc 
welding of butt joints between panels of 
nickel-based alloy 718. 

In pulsed-current welding, the arc cur- 
rent is alternated between a high and a 
low value, typically at a repetition frequen- 
cy between 0 and 10 Hz. In comparison 
with constant-current welding, pulsed-cur- 
rent welding enables greater control of the 
freezing and depth of penetration of the 
weld puddle at a given heat input. Thicker 
sections [thicker than 0.125 inch (3.175 


Liquid-metal infiltration is therefore costly, 
especially for a one-of-a-kind casting. 

In the new method, however, a gas out- 
side the mold exerts a pressure equal to 
the internal pressure (see figure). High 
molding pressures can be used without re- 
sorting to structural shapes and materials 
for the mold. For example, a pressure of 
1,000 lb/in. 2 (6.9 MPa) has been used with 
glass and graphite molds to make alu- 
minum parts reinforced by graphite fibers. 

This work was done by Uday K. Kashalikar 
and Richard N. Lusignea of Foster-Miller, 
Inc., and James Cornie of Massachusetts 
Institute of Technology for Johnson 
Space Center For further information, 
Orcle 39 on the TSP Request Card. 
MSC-21452 


millimeters)] can be joined. In addition, 
pulsed-current welding can readily be in- 
corporated into an automated welding sys- 
tem, with resultant greater uniformity and 
reproducibility of welds than can be attained 
in manual welding. 

In the study, evaluations were conduct- 
ed on two base-metal lots of 0.125-in.-thick 
panels, two filler-metal lots, two heat-input 
levels, and pulsed and nonpulsed welding 
processes. Before welding, each panel 
was heat-treated to one of two conditions. 
After welding, panels were left as-welded 
or heat-treated again. Statistical analyses, 
including analysis of variance, were per- 
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formed on yield strength, ultimate tensile 
strength, and high-cycle-fatigue properties. 

In addition to showing that the pulsed- 
current welds were at least as strong as 
constant-current welds, the analysis also 
showed the following: 

• There was no difference between the 
room-temperature high-cycle-fatigue lives 
of welds produced by constant and by 
pulsed current. 

• The ultimate tensile strengths and fatigue 
lives were affected by differences among 
the heat lots of the parent and filler 
metals and by differences in heat inputs, 
but the magnitudes of these effects were 
not significant. 

This work was done by W R. Gamwell, 
C. Kurgan, and T. IV Malone of Marshall 
Space Flight Center Further information 
may be found in NASA TM-103529 [N91- 
21287], “An Evaluation of GTAW-P Versus 
GTA Welding of Alloy 718." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

MFS-27266 

Ultrasonic Inspection 
of Thick Sections 

Transmission through 
the thickness can reveal 
flaws in all-metal and 
composite structures. 

Contrary to previous thinking, ultrason- 
ics can be used to inspect large, relative- 
ly thick vessels for hidden defects, a report 
contends. The report is based on experi- 
ments in through-the-thickness transmis- 
sion of ultrasonic waves in both steel and 
filament-wound composite cases of solid- 
fuel rocket motors. 

In the experiments, the optimum frequen- 
cy of sound was found to be 50 kHz or 
slightly less. The customary arguments 
about the detectability of flaws as a func- 
tion of frequency were found not to hold 
in the experiments, probably because the 
distances from bond lines to image planes 
were small. In addition, resonances in 
through-the-thickness transmission may 
make certain frequencies better than others, 
depending on the thicknesses of cases to 
be inspected. 

Filament-wound composite cases were 
found to be easier to examine by through- 
the-thickness transmission than steel cases 
were. This is because resonances and 
mode conversions are more pronounced 
in steel, and the acoustic impedances of 
composite cases are better matched to 
those of acoustic-transducer interfaces. 
The most effective acoustic excitation 


was found to be gated bursts, with detec- 
tion and processing of only the first few 
cycles of each burst. A clear measure of 
attenuation can be made by sending out 
a short burst of energy, then waiting for re- 
flections to die out before sending another 
burst. Detecting only the first few cycles 
then excludes energy arriving by any path 
other than a direct one. This helps to elim- 
inate resonance and mode-conversion 
problems in steel. 

Heretofore, it has usually been regarded 
as necessary to use ultrasonic transduc- 
ers of greater diameter as the frequency 
decreases. This consideration does not 
apply in situations like those considered 
in this study, because a focused, collimat- 


ed beam is not necessary. Instead, the 
transducers — a fixed transmitter on the 
inside of the case and a movable receiver 
on the outside — can have diameters 
much less than half a wavelength. Indeed, 
the receiver should be small to locate 
flaws as precisely as possible. 

This work was done by C. L. Friant, B. 
S Djordjevic, C. V. O'Keefe, W. Ferrell, and 
T. Klutz of Science Applications Interna- 
tional Co. for Marshall Space Flight Cen- 
ter. To obtain a copy of the report, “Early 
Focus Ultrasonic Evaluation of Steel and 
Composite Case Shuttle Segments," Cir- 
cle 29 on the TSP Request Card. 
MFS-28616 
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Mathematics and 
Information Sciences 

Planning Robot-Control Parameters With Qualitative Reasoning 

Planning is treated as a search in the multidimensional space of control parameters. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 



Figure 1. The Planning Algorithm 

makes use of a qualitative-reasoning 
directed graph in its search for param- 
eters to control a robot in a match-strik- 
ing task. 


A qualitative-reasoning planning algo- 
rithm helps to determine the quantitative 
parameters that control the motion of a 
robot. The algorithm can be regarded as 
performing a search in the multidimen- 
sional space of control parameters from 
a starting point to a goal region in which 
a desired result of the robotic manipula- 
tion is achieved. It makes use of a directed 
graph representing the qualitative physical 
equations describing the task, and inter- 
acts, at each sampling period, with the 
history of quantitative control parameters 
and sensory data, to narrow the search for 
reliable values of the quantitative control 
parameters. 

The algorithm is applied to the specific 
robotic task of striking a match on a match- 
box. The physical parameters to be con- 
trolled are the force perpendicular to the 
striking surface, the velocity along the strik- 
ing surface, and the angle of inclination of 
the match with respect to the striking sur- 
face (see Figure 1). In practice, the match- 
striking action is so brief (with respect to 


the sampling period) that the control sub- 
system cannot exert servocontrol over the 
perpendicular force and velocity. There- 
fore the corresponding control parameters 
that are used instead are the digging depth 
(the depth of penetration of the nominal 
trajectory of the matchhead into the match- 
box) and the jumping gap (the distance be- 
tween sample positions), respectively. 

The desired result of the robotic manip- 
ulation is ignition of the match; the unde- 
sired results include failure to ignite and 
breakage of the match. For the purpose 
of mathematical modeling, ignition is rep- 
resented by the accumulation of sufficient 
frictionally generated heat in the match- 
head, and breakage is deemed to occur 
when the absolute value of the bending 
moment in the matchstick exceeds the 
maximum allowable value. 

The qualitative values represented in the 
algorithm are +, 0, -, and ?. For exam- 
ple, with respect to a given quantitative 
parameter, these values could mean that 
the actual value of the parameter minus 


the desired or control value is positive, zero 
negative, or unknown, respectively. The 
heart of the qualitative mathematics is the 
concept of the likelihood potential, which 
is a measure of the number of different 
combinations of qualitative inputs, to each 
node of the network, that satisfy the known 
constraints, including a given qualitative 
output. The likelihood potentials are used 
to propagate qualitative values through the 
nodes of the network and as aids in select- 
ing alternatives during the planning process. 

The most important feature of the algo- 
rithm is the way it coordinates qualitative 
and quantitative information in planning. 
Qualitative information is embedded within 
the numerical history in the form of a qual- 
itative vector at a point in the numerical 
search space that indicates the qualitative 
direction of the goal region from that point. 
Numerical information influences the qual- 
itative search via the assertion of con- 
straints on qualitative motions when nu- 
merical limits are exceeded. The key is the 
use of limits. In the two-dimensional ex- 
ample of Figure 2, the limits visible from 
a most recent trial are the physical limits 
above, below, and to the right. To the left, 
however, an earlier trial has given rise to 
a tighter limit. Only the region in white is 
considered for the next trial. When limits 
overlap, another direction must be consid- 
ered. The qualitative-reasoning part of the 
algorithm easily handles limits by zeroing 
out the likelihood potentials for changes 
in nodes that would attempt to exceed limits. 

This work was done by Stephen F. 
Peters of Caltech for NASA’s Jet Propul- 
sion Laboratory. For further information, 
Circle 8 on the TSP Request Card. 
NPO-18544 



Figure 2. The Search Region is limited in response to quantitative data acquired during 
previous trials. 
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Registration of SAR Images With Multisensor Images 

SAR data are resampled automatically via coordinates based on manually chosen tie points. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


A semiautomated technique is intend- 
ed primarily to facilitate the registration of 
polarimetric synthetic-aperture-radar (SAR) 
images with other images of the same or 
partly overlapping terrain while preserving 
the polarization information conveyed by 
the SAR data (see figure). The technique 
is also more generally applicable in the 
sense that one or both of the images to be 
registered with each other can have been 
generated by polarimetric or nonpolarime- 
tric SAR, infrared radiometry, conventional 
photography, or any other applicable sen- 
sing method. 

The SAR image to be registered with 
another image is called the "original" im- 
age; the other image with which it is to be 
registered is called the "reference" image. 
The heart of the registration technique is 
an algorithm that resamples the standard 
preprocessed original image data, in which 
the polarimetric radar backscattering prop- 
erties of each picture element are repre- 


sented by the ten elements of a Stokes 
matrix. The algorithm resamples each ele- 
ment of each Stokes matrix independent- 
ly, and new Stokes matrices for all the pic- 
ture elements are constructed. The new 
Stokes matrices can then be used to com- 
pute an SAR image in any specified com- 
bination of transmitting and receiving 
polarizations. 

In preparation for resampling, correspond- 
ing tie points in the original and reference 
images are chosen manually by use of a 
split-screen video display and a mouse- 
driven cursor. The locations of picture ele- 
ments in the reference and original images 
are expressed in x, y and x',y' Cartesian 
coordinates, respectively. The coordinates 
are assumed to be related by 2 third-order 
polynomial equations, each of which con- 
tains 10 unknown coefficients. 

Each pair of tie points represents an in- 
stance of each of the two equations. Pro- 
vided that there are at least 10 pairs of tie 


points, the equations can be solved by a 
least-squares method, yielding coefficients 
that minimize the distances between the 
x', y' of tie points computed by use of the 
equations and the actual x', y' of the tie 
points in the original image. Once the al- 
gorithm has computed these coefficients, 
it computes the x', y' of the point in the 
original image that corresponds to each 
picture element of the reference image. 
Then the resampled Stokes-matrix ele- 
ments for this picture element of the ref- 
erence image are computed by interpola- 
tion from the corresponding Stokes-matrix 
elements of those four picture elements 
in the original image that surround the 
calculated x', y' position. 

This work was done by Diane L. Evans, 
Charles F. Burnette, and Jakob J. Van Zyl 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 7 on the TSP Flequest Card. 
NPO-18060 
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Image Synthesized Via Coregistration of Original Images 


Three Partly Overlapping SAR Images made at different angles of incidence (8) in the center of overlap were coregistered and melded 
by use of the technique described in the text. 
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Computer-Aided Plotting 
of Fields of View 

Plots are computed from data in computer-aided-design files. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


The field of view and/or the field of ob- 
scuration of an optical or other instrument 
that has not been built yet can be illustrat- 
ed by use of a computer-aided-plotting 
method. The method is based on the as- 
sumption that the structure in which the 
instrument is to be mounted, any nearby 
equipment that might also block part of the 
view, and possibly the instrument itself are 
the objects of a computer-aided-design ef- 
fort, so that computer files of all relevant 
design data are available. 

The method builds on the ability of a 
typical computer-aided-design program to 
construct perspective projections of solid 
objects that are specified in the associated 
design-data files. The user specifies the 
line of sight and the point of view of the 
instrument (called the "view vector," and 
“eyepoint,” respectively, in this method). 
The computer program that implements 
this method superimposes part of a ref- 
erence sphere centered on the eyepoint, 
marked with latitude and longitude lines 
corresponding to a pole at the intersec- 
tion of the view vector with the sphere. 
(The latitudes run from 90° to 10°; that is, 
the half cone angle of the spherical grid 
is 80°. ) 

The computer-aided-design program is 
used to project the objects in the design- 
data file onto the reference sphere. The 
resulting perspective picture, including the 


Structures in the Field of View of an instru- 
ment are plotted by a computer program 
after the user selects the point of view and 
the line of sight. The center of the polar grid 
represents the line of sight. 

latitude-and-longitude grid, is then mapped 
into a picture file in one of three projec- 
tion formats: standard equal distance, 
equal area, or cosine weighted. This pic- 
ture file is then used to make a polar plot 
of the field of view (see figure). 

This work was done by Taras Kiceniuk, 
David F. Braun, and David W Risher of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 12 on the TSP Request Card. 
NP0-18546 


Improved Blending-Function Algebraic 
Generation of Grids 

Orthogonality is relaxed by use of blending functions. 

Ames Research Center, Moffett Field, California 



A method of algebraic generation of grids 
to be used in computing flows incorpo- 
rates blending-function techniques to ob- 
tain a high degree of orthogonality of each 
grid on its bounding surfaces and to blend 
the grid smoothly, making it conform to all 
the boundaries. The method has been 
demonstrated in two dimensions, and it is 
being applied in the continuing develop- 
ment of software for the real-time interac- 
tive generation of three-dimensional grids 
with color graphical displays. That software 
would be used routinely in generating grids 
for computing flows of practical interest. 

The present method is based partly on 
the Coons patch method, in which a bivari- 
ate equation expresses the relationship 
between (1) the coordinates of a point on 
a patch of surface and (2) the distances, 
along two coordinate axes on the edge of 


the patch, of the gridlines that intersect at 
the point in question. The basic Coons sur- 
face equation blends among the bound- 
aries, generating grids that conform to 
the boundaries but are not necessarily 
orthogonal. 

One can enforce orthogonality on the 
boundaries (see figure) by incorporating 
slope-correction terms into the basic Coons 
equation. In some cases, if orthogonality 
is enforced strictly everywhere on the 
boundaries, the grids can fold over on 
themselves in regions between bound- 
aries. The present method involves param- 
eter-controlled boundary slope corrections, 
which vary the angles between gridlines 
along the boundaries — in effect, pro- 
viding controlled, spatially varying relaxa- 
tion of orthogonality to prevent foldovers. 

The method is implemented in the fol- 
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The Basic Grid conforms to the boundaries 
but is not orthogonal. Orthogonality can be 
enforced at the boundaries by use of slope- 
correction terms in the grid-generating 
equation. 

lowing procedure: First, a flow domain is 
specified in terms of equations that define 
its boundaries. If necessary, the flow do- 
main is decomposed into smaller four-sid- 
ed patches (in two dimensions) or hexahe- 
drons (in three dimensions). The boundaries 
of each patch or hexahedron are then dis- 
cretized or redistributed by use of a suit- 
able interpolation scheme; e.g., a piece- 
wise cubic blending function. The resulting 
discrete points are then parameterized, in- 
itially to normalized arc lengths, and then 
parameter space is filled accordingly. The 
resulting distributions are substituted into 
the basic Coons surface equation (without 
slope corrections). 

If orthogonality at the boundaries is de- 
sired, it is then incorporated by iterative ap- 
plication of a blending-function combina- 
tion of intrinsic-slope (as in the basic Coons 
equation) and orthogonal-slope terms, 
which include parameters that control the 
relative contributions of the terms. The equa- 
tions for the boundaries are reparameter- 
ized, if necessary. The process is repeated 
until a satisfactory grid is obtained. 

This work was done by Raymond Ching- 
Chung Luh of MCAT Institute for Ames 
Research Center Further information 
may be found in AIAA paper A90-22198, 
‘Algebraic Grid Generation with Boundary 
Orthogonality Control.” 

Copies may be purchased [prepayment 
required] from AIAA Technical Information 
Service Library, 555 West 57th Street, New 
Ybrk, New York 10019, Telephone No. (212) 
247-6500. ARC-13126 
NASA Tech Briefs, February 1993 


We've put cost and schedule 
together so you don't have to. 


Now you no longer have to spend extra time matching 
multiple software packages that claim to integrate all your 
project data. P/X™, the windows-based sequel to PSDI's 
award-winning PROJECT/2®, is the first project management 
system to integrate cost and scheduling in one core product 
for your desktop. 



P/X supports . . . 

•Integrated Cost /Schedule 

• Multiproject 

• Multiplatform 

• SQL Compliance 

• DoD and NASA Requirements 

• Engineering Resource Management 

Call us today for a free 
P/X demo diskette: 

1-800-366-7734 
or Fax: 1-617-661-1642 


PROJECT/2 is a registered trademark and P/X is a 
trademark of Project Software & Development, Inc., 
20 University Road, Cambridge, MA 02138. 


For More Information Circle No. 670 



STREET ADDRESS 


CITY, STATE, ZIP CODE 


Fluor amiCS, Inc, 18 Industrial Avenue N.J. residents, add 6% sales tax. 

N -B -> 93 Mahwah, NJ 07430 MONEY BACK GUARANTEE ON 8 ox. 


1 8-OUNCE 

2 8-OUNCE 

1 QUART 

1 GALLON 

Here’s my check , money order , credit card for $ . 

VISA MC AM.EX _ ft Exp 

NAME 


$ 17.75 
$29.00 
$ 38.95 
$ 131.00 




Coupon exp 06/31/93 

1 8-OUNCE FREE 

1 8-OUNCE FREE 

2 8-OUNCE FREE 


YOU BUY 


TOTAL COST YOUR FREE GIFT 


HURRY 


If you’ve been waiting for the 
PERFECT time to buy Tufoil, 
NOW’s the time! Check the 
coupon below for details and 
REALLY change your oil... into 
a patented engine treatment. 


1 - 800 - 922-0075 

ORDER TODAY 
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Books and Reports 

These reports, studies, handbooks are avail- 
able from NASA as Technical Support Pack- 
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from the 
National Technical Information Service. 

Development of Software To 
Recognize Parts of Plants 

A robotic system would 
differentiate among the 
seed heads, stems, and 
leaves of wheat plants. 

A report describes the first phase in the 


development of a digital image-processing 
subsystem that would recognize parts of 
plants. The image-processing subsystem 
would be part of a robotic system that 
would tend and harvest plants in an auto- 
mated plant-growth chamber. In the initial 
work described in the report, the focus 
was on image-processing software that 
would distinguish among the seed heads, 
stems, and leaves of wheat plants and 
would further distinguish between these 
parts and the background. The software 
was also intended to be adaptable to other 
types of plants. 


The software was written and tested on 
a personal computer equipped with 512K 
of random-access memory, a video circuit 
card and monitor, mouse, math-coproces- 
sor circuit chip, printer, four serial ports, 
two parallel ports, and a video image 
monitor. Video images to test the software 
were acquired with a black-and-white 
video camera in conjunction with a frame- 
grabbing coprocessor. 

The development of software started 
from a collection of commercial software 
that implements algorithms for binary 
thresholding, binary-threshold morphology, 
detection of edges, gray-level morphology, 
and subtraction of images. Programs for 
correlation of images and analysis of tex- 
tures were added to the base of commer- 
cial software. 

The tests were conducted with video 
images of a single wheat head and of other 
seed heads that resembled a wheat head, 
viewed against a low-intensity neutral back- 
ground (black paper) and alternatively 
against a noisy background (black painted 
lines simulating wood grain). Images of a 
wheat field were also used. Binary thresh- 
olding was found to segment mature and 
immature wheat from the neutral back- 
ground but was unable to differentiate be- 
tween mature wheat and the noisy back- 
ground. Binary threshold morphology was 
found to be a good candidate for segment- 
ing wheat heads from stems on the neutral 
background but not on the noisy background. 

The edge-detection technique was ap- 
plied in the effort to overcome the sensitivi- 
ty to the noisy background in binary thresh- 
olding. Next, both gray-level morphology 
and edge detection were applied, but the 
combination was not successful in over- 
coming the background noise. Subtraction 
of images proved unsuitable as a tech- 
nique for the recognition of the wheat 
head. Correlation of images proved suc- 
cessful in the recognition of both a single 
wheat stem and of wheat stems in a field 
of wheat. The texture-analyzing algorithm 
was found to be successful in locating 
heads of wheat in a wheat field but be- 
came confused when attempting to find 
heads among the stems near the bottom. 

This work was done by Ronald R. 
DeSpain and Roy Tharpe, Jr., of McDon- 
nell Douglas Corp., Leon Davis, Sharon 
Hauss, and Larry Shawaga of Kennedy 
Space Center, and Ron Biro of Bionetics 
Corp To obtain a copy of the report, "Plant 
Growth Machine Development Phase I 
Final Report," Circle 23 on the TSP Re- 
quest Card. 

KSC-11488 






Step Up to Algor 

More than 6,000 engineers in 50 states and over 60 countries 
have stepped up to Algor, the most advanced finite element 
analysis and design software money can buy. All FEA models 
on this page were designed, analyzed and visualized on a PC 
with Algor software. The largest contains more than 24,000 
nodes and 13.000 elements. Other Algor analysis packages 
include buckling, nonlinear gap/cable, specialized vibraUon. 
composite elements. kinemaUcs/dynamics. piping and more. 

Algor, a PC and You...The Total Design/Engineering Team 

Algor, the world's leading design/analysis software for PCs, is 
specifically designed to fully exploit their increasing level of 
power. Tight bridges to CAD/CAM and other software create a 
seamless fit Into your environment. Algor design software 
provides parametric design and results visualization tools (see 
actual screen photographs on this page) that are worthy of 
your expertise and creativity. And the engineering is built in. 




Typical Algor Engineering Software Packages 

Price 

A 

Linear Stress Analysis with ViziCad Plus 

SI 500 

B 

Stress. Vibration and Mode Shape Analysis with ViziCad Plus 

$2100 

C 

Fluid Flow Analysis with ViziCad Plus 


$1100 

D 

Heat Transfer Analysis with ViziCad Plus 

$1800 

E 

Accupak— 3-D Nonlinear Stress & Vibration 

$2500 


Iconnex V EAGLE, Concurrent Engneering & Design Optimization 

$2300 

u 

Electrostatic Analysis with ViziCad Plus 


$1600 

[ H 

Interactive Demonstration/Tutorials - SI 9 to S49 

1 Finite Element Analysis Heat Transfer 

Fluid Flow 

zn 


Electrostatic 


Notes: 386/486 Prices, shown In U.S. $, 
may change at any time 386/486 
software uses extended memory Weitok 
coprocessor and selected Unix workstation 
versions available Algor software Is sub- 
|ected to nuclear power Industry 
Quality Assurance standards. 


PipePlus 


Your current PC has more computing 
power than your last one. Your next 
PC will have even more. Algor 
software is constantly updated to take 
advantage of the power of new PCs. 


GSA Contract # GS 00 K 89 AGS 6270 PS01 


Free 36-Page Product Guide 


♦ FILE DR 

1 50 Beta Drive 

Pittsburgh. PA 15238-2932 USA 
412-967-2700 Fax: 412-967-2781 
In California: 714-564-2541 
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Life Sciences 


Bioconvective Assay as Alternative to Draize Test 

Toxicity can be assessed with greater sensitivity and at lower cost. 

Marshall Space Flight Center, Alabama 




(No Chemical) 


(All Cases) 



Ethanol 


Methyl Ethyl 
Ketone 


These Bioconvective Patterns were formed at inhibitory dosages of the indicated 
chemicals. 


A protocol to determine the toxicities of 
chemicals can now be implemented rela- 
tively cheaply by use of equipment and 
materials that can be packaged in conve- 
nient kit form. Tests according to this pro- 
tocol involve the observation of macro- 
scopic patterns that are formed at high 
concentrations of the free-swimming pro- 
tozoan species Tetrahymena pyriformis in 
liquid media (bioconvective patterns). A 
test of this type provides a more-sensitive 
indication of toxicity and costs less than 
do either the Draize test (in which the tox- 
icity of a substance is measured by its ef- 
fect on the eyes of living rabbits) or tests 
in which the toxicity of a substance is meas- 
ured by microscopic assessment of the 
motility of Tetrahymena pyriformis organ- 
isms exposed to it. Given that there are 
no data on the toxicities of 70 to 80 per- 
cent of commercial chemicals and given 
the high cost of, and the current opposi- 
tion to, testing on higher animals, the new 
protocol could help meet a pressing need. 

A bioconvective pattern is formed when 
organisms like Tetrahymena pyriformis, 
which have mass densities greater than 
that of the medium, accumulate in large 
numbers at the top of the medium. The 
resulting, relatively dense, top layer is un- 
stable and evolves into a typical pattern 
as the organisms repeatedly swim upward, 
crowd together at the top, then fall in 
clumps to again repeat the cycle. This up- 
and-down motion involves many millions 
of organisms, and the resulting pattern has 
proven to be a reliable monitor of a variety 
of changes in the one-celled animals — 
most notably, changes in motility. 

Each unit of the bioconvective-assay kit 
includes a sterile poly(methyl methacry- 
late) ampoule with syringe inserts. Initial- 
ly, the ampoule contains a slant culture of 
about 100 of the Tetrahymena pyriformis 
protozoa that has a refrigerated life of 12 
months. In preparation for a test, the re- 
maining empty volume of an accompany- 
ing graduated syringe that has been part- 
ly filled with a proteose peptone medium 
is filled with distilled water; then the con- 
tents of the syringe are discharged into the 
ampoule. The ampoule is allowed to stand 
for three days while the organisms grow 
and multiply. No further lighting or sterile 
procedures are required to promote growth. 
For testing at the end of growth, the sy- 
ringe is filled with a chemical diluent, which 


is similar to the water/medium mixture that 
was used to initiate growth except that it 
also includes a small quantity of the 
chemical to be tested. A complete kit in- 
cludes multiple ampoule/syringe units for 
replication and varying dilutions. 

To obtain quantitative indications of the 
toxicity of the chemical under test, the fol- 
lowing are measured: (1) the maximum 
dilution at which the chemical inhibits the 
formation of bioconvective patterns, (2) for- 
mation times of the patterns, and (3) the 
numbers of nodal points in the patterns 
(see figure). Two additional quantities are 


measured to bracket the highest tolerated 
dose: (1) the minimum dilution at which the 
chemical permits patterns to form and (2) 
the maximum dilution at which the chem- 
ical prevents the formation of patterns. 

This work was done by David A. Noever 
and Helen C. Matsos of Marshall Space 
Flight Center. For further information, Cir- 
cle 19 on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 26]. Refer 
to MFS-26162. 
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Books and Reports 

These reports, studies, handbooks are avail- 
able from NASA as Technical Support Pack- 
ages (TSP's) when a Request Card number is 
cited; otherwise they are available from the 
National Technical Information Service. 

Procedures for Microbial- 
Ecology Laboratory 

A manual prescribes routine 
procedures to ensure safety 
and accuracy of analyses. 

The Microbial Ecology Laboratory Pro- 
cedures Manual provides concise and 
well-defined instructions on routine tech- 
nical procedures to be followed in a micro- 


biological laboratory to ensure safety, an- 
alytical control, and validity of results. The 
manual comprises 10 sections and 2 
appendices. 

A brief introductory section is followed 
by a section entitled “Classification and 
Identification of Microorganisms (Bacteria)” 
This section discusses a procedure for ob- 
serving the structures of colonies, as well 
as staining and other procedures for deter- 
mining the structures of cells. This sec- 
tion also discusses biochemical tests that 
can help identify several organisms. 

Section 3 — "Sample Analysis" — 
describes methods of collecting, preserv- 
ing, and transporting samples, of tracking 
and manipulating (diluting) them within the 


laboratory, and of recording and reporting 
results. 

Section 4 — “Enumeration of Microor- 
ganisms" — describes the membrane-fil- 
tration technique for the cultural enumera- 
tion of microorganisms and the spreadplate 
technique for cultural enumeration of an- 
aerobic microorganisms. It discusses nu- 
trient media for total coliforms, fecal con- 
forms, heterotrophs, fungi, non-saprophytes, 
Gram-negative bacteria, Grarrrpositive bac- 
teria, Legionella, and anaerobes. It also de- 
scribes the Ftetroft-Hauser chamber meth- 
od and the acridine orange direct-count 
methods of enumerating single organisms. 

Section 5 — “Media Preparation" — de- 
scribes the preparation of 20 different 
media required for the growth of various 
organisms. 

Section 6 — “Reagent Preparation" — 
describes the preparation of 11 reagents, 
including various stock dilution solutions, 
stains, and disinfectants. 

Section 7 — "Storage and Maintenance 
of Microorganisms” — describes lyophili- 
zation of cultures, opening of lyophilized 
cultures, storage of cultures at low tem- 
perature (in liquid nitrogen at -196 °C), 
and the transfer of microorganisms. 

Section 8 — "Laboratory Maintenance" — 
describes the procedures for maintenance 
of autoclaves, balances, centrifuges, glass- 
ware, and other laboratory equipment. 

Section 9 — "Analytical Control" — de- 
scribes bacterial-analysis, chemical-anal- 
ysis, and water-suitability tests for monitor- 
ing laboratory water, tests for ultraviolet 
lights, and procedures for calibration of 
balances, thermometers, and other quan- 
tifying equipment. 

Section 10 — "Safety” — describes 
guidelines for decontamination or steriliza- 
tion of various materials and pieces of 
equipment, washing hands, orderly labo- 
ratory appearance to promote safe labora- 
tory practice, dress and behavior to pre- 
vent contamination in the work area, and 
safety equipment. 

Appendix A contains an example of a 
culture data sheet, of a culture quality con- 
trol work sheet, and of a sample data sheet. 
Appendix B contains a list of 20 microbial- 
ecology-laboratory control organisms and 
illustrations of symbols used to describe 
the growth of colonies of microbes. Appen- 
dix C contains a figure that illustrates deci- 
mal dilution. 

This work was done by Timothy L Huff 
of Sverdrup Technology for Marshall 
Space Flight Center. Further information 
may be found in NASA CR-184033 [N91- 
13856], "Microbial Ecology Laboratory 
Procedures Manual." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Sen/ice, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 3364700. MFS-27259 
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A small investment in 
temperature measurement 
can make a big difference 
in product quality. 


^S5 or 


If temperature is part of your process, 
a Thermalert' noncontact temperature 
measurement system can help you 
improve your quality, 

consistency, and yield. From basic temperature 
monitoring to systems that graph temperature 
trends over time, there are a variety of models 
to choose from. And with options like highly 
accurate laser aiming and our rugged ThermoJacket ' sensor hous- 
ing, we can tailor a Thermalert system to meet your specific needs. 
For literature and application notes, call (800)227-8074. 



O' to 5400 F (O' to 3000 C) 
Complete systems from: 


1295 


SIRaytek 


1201 Shaffer Road. Box 1820, Santa Cruz, CA 95061 Tel: (408)458-1 1 10 FAX: (408)458-1239 
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Visit us at the PEM Show Booth #7447 
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New on the Market 



Edmund Scientific Co., Barrington, 
N), has designed a stereo micro- 
scope system for critical industrial 
applications where high-quality 3D 
perception is required to detect sur- 
face depressions and flaws to mili- 
tary and aerospace standards. The 
stereo microscope features a trin- 
ocular head with a 90° tube for video 
and photo applications. It has built- 
in incident and transmission illumi- 
nators, a large field of view, and an 
extra-long working distance under 
the objective to allow insertion of 
probes or tools. 

For More Information Circle No. 794 

Emera Id Intell igence, Ann Arbor, Ml, 
has announced version 2.1 of Diag- 
nostic Advisor, a software tool based 
on expert systems technology and 
designed to help equipment manu- 
facturers gain a competitive advan- 
tage, reduce field service costs, and 
increase customer satisfaction. OEMs 
can use it to reduce end user down- 
time, MTTR, MTTD, and service re- 
calls by capturing and distributing 
diagnostic expertise. The easy-to- 
use program guides software techni- 
cians step-by-step through diagno- 
sis and repair of machinery, equip- 
ment, and process malfunctions. 
For More Information Circle No. 796 



MCP Systems Inc., Fairfield, CT, has 
introduced the MCP-Vacuum-Cast- 
ing- System for quick, low-cost, au- 
tomated production of exact plastic 
prototypes. The system uses ther- 
moplastic-type resins in silicone 
molds, eliminating milling and in- 
jection molding. The molds produce 
dimensionally-accurate castings 
with fine detail and thin sections, 
and yield a surface finish compa- 
rable to injection molding in ABS. 
For More I nformation Circle No. 790 


The 9064 multi-channel filter/am- 
plifier from Frequency Devices Inc., 
Haverhill, MA, provides up to 64 
signal-conditioning channels at ap- 
proximately half the per-channel 
costs of current instruments, accord- 
ing to the manufacturer. The 9064 
enables remote computer control of 
the IEEE-488 or RS-232 bus for ver- 
satile and convenient filtering and 
gain functions. 

For More Information Circle No. 798 

Betz MetChem, Horsham, PA, has 
introduced Betz Kleen® aqueous 
cleaners for solvent-free cleaning of 
post-fabrication metal parts. Used as 
an alternative to vapor degreasing, 
the cleaners can help metal fabrica- 
tors phase out ozone-depleting sub- 
stances such asCFC-l 1 3, Freon, and 
methyl chloroform. The Betz Kleen 
line comprises a balance of surfac- 
tants and alkaline builders engi- 
neered to maximize cleaning effec- 
tiveness, prevent foaming, and mini- 
mize waste treatment requirements. 
For More Information Circle No. 800 



The industry's first portable infrared 
camera with autofocus is available 
from Land Infrared, Bristol, PA. Called 
the Cyclops 300AF, it features easy 
and accurate spot temperature mea- 
surement from -45° to 980° C and the 
latest Minolta optical technology to 
bring targets automatically into fo- 
cus. Applications include detecting 
hot spots in electrical switchgear, 
cable insulators, transformers, and 
substations; thermal insulation, clad- 
ding, and steam traps; bearing and 
motor temperatures; structural in- 
spections; and quality control. 

For More Information Circle No. 792 


F/PORT, a high-performance, low- 
cost enhanced parallel port (EEP) 
minicard has been introduced by 
FarPoint Communications, Lancas- 
ter, CA. It provides 1 .5 MB/sec data 
transfer. The only EEP compl iant card 
designed for use with PCs and serv- 
ers, F/PORT performs a hardware 
emulation of a traditional bus, trans- 
ferring bytes of data with a single 
I/O instruction. The card allows us- 
ers to take full advantage of high- 
speed laser printers, CAD systems, 
CD ROM players, removable disk 
drives, and tape backup systems. 
For More Information Circle No. 788 



PITCH • ROLL • POSITION 
RATE • ACCELERATION 

New small size, lightweight, extremely accurate, package 
monitors any vehicle’s performance. Gives you 3-axis 
position, 3-axis acceleration, and 3-axis angular rate 
measurements. Miniature vertical gyro for pitch and roll, 
cageable directional gyro for yaw give you greater ranges 
of sensitivity for detailed •specs”. Self contained power 
supply with input voltage options of 12 VDC or 28 VDC. 
Size: 8.25W x 8.2H x 6.9L Optional ranges. 

Write or call: Humphrey, Inc., 9212 Balboa Avenue, 
Dept NTB293, San Diego, CA 92123 • (619) 565-6631 
FAX (619) 565-6873 


Humpliren 


I lit*. 


SAN DIEGO 

WORLDWIDE REPRESENTATION 


For More Information Circle No. 497 



Design Solutions with 
Ultra-Hard Materials 

• ALUMINA • SILICON NITRIDE 

• SAPPHIRE • ZERODUR®* 

• MACOR®** • QUARTZ 

• GLASS • CERAMICS A 
•SILICON CARBIDE 

• AND OTHERS ' 


wsaca 

WE a 


Box 9006 

Quakertown. PA 18951-9006 

(800) 959-0264 
FAX (800)959-0267 


Making miracles with ultra-hard materials for 45 years 


Schott i Z»*rodur i Coming Glassworks ■ Macon® » 
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Finally A 
Customized Case 
That Doesn’t Take 
Longer To Make 
Than Your Product. 


We’ll ship a HDPE case from stock in 3 days 
or a customized prototype case in 3 weeks. 
Call for a catalog, specs, quotes or to talk to 
one of our engineers. 1 - 800 - 533-3631 



GEMINI 

UNCOMMON CASES 
UNCOMMONLY FAST. 


GEMINI INCORPORATED 
103 MensingWay 
Cannon Falls MN 55009-0078 
Fax: 507-263-4887 


For More Information Circle No. 678 
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FIBER 

OPTIC 

ROTARY 

JOINTS 


Focal Technologies' 
fiber optic rotary joints 
allow uninterrupted 
fiber optic transmission 
between freely rotating 
and stationary equip- 
ment in a variety of 
robotic, aerospace, 
industrial, defense and 
marine applications. 

FEATURES 

- passive, bidirectional 

- EMI immune, low loss, 
high bandwidth 

- miniature and 
standard size units 
for single and 
multiple fibers 

- rugged and reliable 

- available in combin- 
ation with electrical 
slip rings and fluid 
rotary unions. 




Focal Technologies Inc. 

40 Thornhill Drive, Unit 7 
Dartmouth, Nova Scotia 
Canada, B3B 1 SI 

Tel: (902) 468-2263 
Fax: (902) 468-2249 


New on the Market 


The COMP-COjLD electronic com- 
ponent cooler from Va-Tran Sys- 
tems Inc., Chula Vista, CA, replaces 
CFCs used for board or component- 
level troubleshooting with recycled 
CO r The portable system chills to - 
78° C and saves up to 95% of oper- 
ating costs when compared with 
CFC-based coolers. Spraying CO, 
directly on energized circuits lo- 
cates weak and defective compo- 
nents whi le therma I stressing of ind i- 
vidual board sections reveals hair- 
line cracks and weak solder joints. 
For More Information Circle No. 774 



A new high-resolution 640x200 pixel 
electroluminescent display manu- 
factured by Planar Systems Inc., 
Beaverton, OR, is thin, lightweight, 
and uses less than 7 watts for a 
typical screen of text and graphics. 
Designed as a drop-in replacement 
for LCDs, the model EL640.200- 
U3 offers wide angle viewing 
(>1 60°), brightness up to 60 fL, high 
contrast, crisp definition, and fast 
screen response. 

For More Information Circle No. 778 

GasVue model MG-30, a gas imag- 
ing system introduced by Infra- 
metrics Inc., No. Billerica, MA, per- 
mits users to safely detect and image 
77 invisible and hazardous gases. 
Employing an integrated laser and 
infrared imaging technology, the 
MG-30 locates leaks as small as 1 x 
1 0' J std cc/sec (1 kg/yr). Mounted on 
a shoulder or vehicle, it can be used 
to a distance of 30 meters. 

For More Information Circle No. 784 

National Aperture Inc., Windham, 
NH, has introduced the MC-3SA, a 
multi-axis servo amplifier that can 
supply servo power for up to four 
axes simultaneously. Its unique 
modular design and compact size 
enable easy integration into existing 
motion systems that use miniature 
DC motors with or without encod- 
ers. The MC-3SA incorporates mul- 
tiple velocity-servo power modules 
designed to drive miniature DC, 
brush-type motors from 10-15 mm, 
up to +/-1 2 Vdc. 

For More Information Circle No. 776 




Ferran Scientific, San Diego, CA, 
has unveiled the Micropole Sensor 
System, a miniaturized quadrupole 
analyzer featuring a top operating 
pressure of 15 millitorr, small vol- 
ume occupied in chamber (<5 cc), 
range options up to 200 amu, and 
dual filaments with automatic 
changeover. Designed for use in in- 
dustries employing vacuum process- 
ing machines, the system communi- 
cates over an RS-232 line to any host 
or IBM-compatible computer. 

For More Information Circle No. 780 


The first commercial open, distrib- 
uted Integrated Project Support En- 
vironment (IPSE) based on interna- 
tional standards such as PCTE and 
UNIX has been announced by Alsys 
Inc., Burlington, MA. Called Free- 
domWorks, thesystem integratesand 
controls specification, design, cod- 
ing, testing, configuration, and 
project management within the soft- 
ware life cycle and Ada and C lan- 
guage development. All project in- 
formation is stored in a unique, ob- 
ject-oriented repository enabling 
graphical, Windows-based access 
to objects that may be geographi- 
cally dispersed or located on mul- 
tiple servers. 

For More Information Circle No. 786 



Autodesk Retail Products, Bothell, 
WA, has introduced Autodesk 3D 
Concepts for Windows, 3D concep- 
tual design software combining the 
precision of 3D CAD technology 
with the ease of a graphical user 
interface. Priced at $249, the pro- 
gram features on-screen visual tools 
such as the rotation cube, the visible 
ground plane, and tracking. Files 
canbeloadeddirectlyand imported/ 
exported via .DXF for use with other 
CAD, CAE, and CAM programs. 

For More Information Circle No. 782 
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POSITIONS WANTED 


Recently graduated Ph.D in mechanical 
engineering, specialized in numerical 
modeling of combustion, fluid mechan- 
ics, and heal transfer processes (espe- 
cially radiative transfer). Had four years 
work experience in academics and in- 
dustry. Previously developed HVAC soft- 
ware for design use. Looking for position 
in consulting, HVAC, energy, and com- 
bustion systems industries. 

Box number 88 

BS/MS (thesis: urethanes) in plastics engi- 
neering, U-Mass, Lowell. Book, patents, 
publications. 20 years diverse experi- 
ence in extrusion, cost effectiveness, 
material application, manufacturing, re- 
search & development, defense, com- 
posites, and limited mold design. In-depth 
project effort from conception through 
market introduction. Desire growth posi- 
tion with aggressive mid-size/large com- 
pany. Will relocate. Reply: Box 86, 
Tyngsboro, MA 01879-0086. 

Box number 89 

Quality assurance engineer with experi- 
ence in statistical process control, quality 
system development, and maintenance: 
receiving, in process and final inspec- 
tion, subassembly, and system test and 
process control. Product types include 
electronic components, printed circuit 
boards, sheet metal parts, machined parts, 
and electromechanical and electromag- 
netic assemblies. 

Box number 90 

Electronicsand computer engineer; MEEE, 
BSEE. Available for full-time temporary 
positions within 1 .5 hours of northeast 
NJ. Broad background with digital/ana- 
log, circuits/systems, computer hardware/ 
software/firmware; design, development, 
analysis, integration, modifications and 
interfacing. Experience includes imag- 
ing, graphics, microcomputers, C, real 
time, video, DACs, sampling, communi- 
cations, CAD, and parallel processing. 
Tel: 201-497-3272. 

Box number 91 

Creative engineer with extensive experi- 
ence in quality, technology moderniza- 
tion, and manufacturing improvement. 
Excels in identification and resolution of 
key operational issues limiting manufac- 
turing and financial performance. Seeks 
position in operation management with a 
growth-oriented company. 

Box number 92 

Operations/engineering manager (BSEE, 
MSEE, MBA) with over 20 years experi- 
ence in high tech design/manufacturing. 
Possess strong combination of business/ 
technical experience with unique ability 
to move between engineering and manu- 
facturing to move products from concept 
to market. Strong organizational, analyti- 
cal, and problem solving skills with track 
record of successful execution. 

Box number 93 

Data base designer/administrator, expe- 
rienced in C3/1, logistics, manufactur- 


ing. simulation, models, embedded real 
time, project leader, 20 years VAX, CDC, 
IBM; Ingres, Sybase, other RDBMs, cus- 
tom-contractor liaison, EBI (1 1/90). 

Box number 94 

Creative, energetic engineering execu- 
tive with hands-on and supervisory ex- 
pertise in all phases of development of 
control, communications, and safety 
products. Seeks contract employment. 
Willing to travel anywhere but not relo- 
cate from New England. Work on long- 
term solutions or on your immediate prob- 
lems, full- or part-time. 

Box number 95 

Five of seven years technical experience 
in space systems and scientific payload 
engineering. Bachelors in aerospace en- 
gineering with graduate coursework. 
Have supervised as many as five people. 
Integrated an international life sciences 
and academic community with space 
station. Macintosh Word and graphics 
applications plus BASIC and FORTRAN. 
Enabled User Mission database to serve 
200% more clients. 

Box number 96 

Ph.D in mechanical engineering with 
four years of teaching/research experi- 
ence. Interested in research, design, and 
development in materials processing, mi- 
croelectronics, thermal sciences, and 
CFD. Excellent communications (writ- 
ten/oral) skills. Good at experimental and 
numerical work; in developing software 
(PCs and mainframe). Will relocate and 
travel. Permanent resident of USA. 

Box number 97 

EIT, BSME working towards MSME inter- 
ested in co-op or summer position in 
mechanical or aerospace fields. Strong 
interest in both solid and fluid mechan- 
ics. Graduate courses completed in me- 
chanical vibrations and finite element 
analysis. Two years experience research- 
ing chaotic behavior in axially loaded 
beams using a shaking table. Would like 
to perform research applying towards 
Master’s thesis. 

Box number 98 

MSEE graduate seeking entry-level posi- 
tion. Experience with PC-instrumenta- 
tion, analog/digital, electro-mechanical 
control systems, semiconductor material 
measurement with RF. Successful pro- 
jects history. All phases of R&D (soft- 
ware/hardware). Languages: C, Pascal, 
QuickBasic, MS-DOS. Hard working, self- 
motivated, will work/relocate for 35k/yr. 
Mr. M.L., 80akSt., Lehighton, PA, 1 8235; 
Tel: 215-377-0931. 

Box number 99 

Graduate professional engineer with reg- 
istration (PE) from six states and member 
of ASHRAE. Have 30+ years of experi- 
ence in all phases of engineering: man- 
agement, construction, teaching, design, 
specification writing, marketing, sales, 
and maintenance. Worked extensively 
with defense-related industry, heavy 


chemical plants, paper and pulp, ce- 
ment, public health engineering, water 
treatment, project management, HVAC, 
plumbing, and fire protection. Successful 
national and international assignments 
with Fortune 500 companies. 

Box number 1 A 

Recent BSME graduate with consider- 
able industry experience. Have experi- 
ence in both mechanical design and 
manufacturing. Strong skills in stress 
analysis, statistical methods, and com- 
puter applications, including AutoCAD, 
Lotus, and finite element analysis pro- 
grams. Also familiar with manufacturing 
techniques such as machining, die stamp- 
ing, TIG welding, JIT and SPC. Honor 
student. Will relocate. Tel: 904-441 -9344. 
Box number 2A 

FCC and NARTE certified radio and 
telecom engineer. Qualified GSI5. Fa- 
miliar with ANSI/IEEE and Mil/DOD stan- 
dards. Secret clearance and US Passport. 
Specialist in test systems and transmis- 
sion systems. Will consider short- and 
long-term assignments. Experienced pro- 
gram/project manager. US Navy veteran. 
Certified electronics instructor. 

Box number 3A 

BSCS with engineering, five years 
McDonnell Douglas engineer/scientist, 
real-time applications. Any computer or 
technical work appreciated, not greedy, 
just need to work. Good writing skills, 
non-smoker, non-drinker, have health 
insurance. PO Box 71 1 4, Daytona Beach, 
FL 321 16-71 14; Tel: 904-760-9362. 

Box number 4A 

Multimedia systems developer, strategic 
analyst/planner to solve high tech prob- 
lems-full-time or consultant. Member of 
ANSI and ISO Experts Groups on elec- 
tronic still pictures imaging, and com- 
pression of audio, digital image and mo- 
tion-video. Led MPEG-Video/Audio sys- 
tem design. Systems experience: 
APOLLO, Manned Orbiting Laboratory, 


FAA Fault Tolerant Computer System, 
and supercomputers. Alfred Riccomi, Tel: 
214-644-8875. 

Box number 5A 

Seeking an applied physicist position. 
10+ years of research experience with 
statistical, reactor, plasma, and radiation 
physics, electric/nuclear propulsion, fu- 
sion technology, transport theory, reli- 
ability/risk analysis, and x-ray imaging. 
Worked on DOE/DOD/NASA contracts. 
Ph.D in nuclear engineering. Expertise in 
computational methods. 

Box number 6A 

Application specific integrated circuit, 
ASIC, partitioning, selection, design, and 
test implementation specialist. 12 years 
system and logic design; 1 5 years digital 
semi-custom, custom, and ASIC VLSI 
designs. Will get you into a cost-effective 
product. Seeking a contract or captive 
position. Allen Whedon, Tel: 916-983- 
1353; Fax: 916-983-3424. 

Box number 7A 

Ph.D in ChE seeking position in materi- 
als, process, systems, or product R&D. 
Experienced in emulsion polymerization 
and polymers processing, extrusion, fluid 
flow, and rheology modeling (CFD), pa- 
per processing and chemistry, ceramics 
processing, adhesion science, plastic films 
orienting and coating, printing, and lami- 
nation. Involved in systems theory, simu- 
lation, artificial intelligence and total 
quality, new business and commercial 
development. 

Box number 8A 

Mechanical engineer. BSME/EIT. Experi- 
ence in equipment engineer and process 
controls. Worked in wind study research 
for the analysis of resources. Graduate 
studies in mechanical engineering. FOR- 
TRAN, LOTUS, Freelance and computer 
proficient. Fully bilingual (English/Span- 
ish). Willing to work in areas other than 
ones of experience. Willing to relocate. 
Box number 9A 



To obtain resumes corresponding to the above 
Positions Wanted Ads, fill out this form and mail 
to: NASA Tech Briefs, 41 East 42nd St. ( New York, 
NY 10017. ATTN: |im Westbrook, or call 1-800- 
944-NASA and ask for )im Westbrook. 

Send resumes for the following box numbers (limit 5): 

Box Box Box 


Box 


Box 


Name: 


Company Name: 
Street Address: _ 
City/State/Zip: 


To submit an ad for inclusion in this column, send a copy of your 
resume and a 50-word summary to: NASA Tech Briefs, 41 East 
42nd St., New York, NY 10017, ATTN: Jim Westbrook. 
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HYBRID MICROCIRCUITS 
& OPTOELECTRONICS for 



Communications Satellites 


Certified to: 


Strategic Defense Initiative 
Mqjor Launch Vehicle 
Manufacturers 

Uniquely Qualified and 
Experienced to Support Your 
Space Level Requirements 



MICROPAC INDUSTRIES, INC. 

905 E. Walnut Street 
Garland, TX 75040 (U.SA.) 

PH (214) 272-3571 
FAX (214) 494-2281 


M1L-S* 19500 CS" Level) 
Optoelectronics 

MIL-R-28750 

Solid State Relays 

MIL-STD-1772 (Class "H") 
Optoelectronics 
Hybrids 
Power Hybrids 
Custom Hybrids 
Power Op Amps 
Custom DC-DC Converters 


For More Information Circle No. 404 


LOW OUTGASSING 
■ADHESIVESH 


Designed To Your Specifications 


MASTER BOND 
SUPREME lOHT EPOXY 


One-part system 
Outstanding bond strength 
Fast cures at moderate 
temperatures 




Adhesives, Sealants & Coatings 


New on the Market 



A general-purpose instrumentation 
amplifier with an internally fixed 
gain of 100 is available from Burr- 
Brown Corp., Tucson, AZ. Its preci- 
sion and. low cost ($3.25 in 1000s) 
make the INA131 suited for such 
applications as bridge, thermo- 
couple, and RTD sensor signal con- 
ditioning. On-chip laser-trimmed 
resistors provide high gain accuracy 
(.024% max) and drift (10 ppm/°C 
max), while low offset (50 gV) and 
drift (0.25 pV/°C max) eliminate ex- 
ternal trimming. Input bias current is 
2nA and common mode rejection is 
115 dB min. 

For More Information Circle No. 764 

Yamashita Engineering Manufacture 
Inc., Mission, KS, has unveiled the 
EDEC-2000, a digital decoder and 
line doubler designed to enhance 
and improve NTSC video output. It 
reduces noise, minimizes smearing, 
and eliminates distracting artifacts 
such as visual scan lines, cross-color, 
and dot and chroma crawl. Features 
include a 3D digital comb filter for 
Y/C separation, motion adaptive line 
scanning interpolation, image en- 
hancement, and noise reduction with 
1 0-bit digital processing technology 
to convert poor composite or S-VHS 
video to sharp RGB RSI 70 output. 
For More Information Circle No. 762 



The Focodyn optical probe from 
Mahr Feinpruef Corp., Cincinnati, 
OH, allows nondestructive surface 
texture measurement of soft, liquid, 
sticky, or highly polished materials 
including foils, paper, paint, mag- 
netic disk media, rubber, and copier 
drums. The probe's 1 -micron-diam- 
eter laser beam provides discrimina- 
tion of detail where conventional 
diamond styli are unable to detect 
fine surface flaws. Its slender mea- 
suring arm permits noncontact 
roughness measurement inside bores 
and other confined areas. 

For More Information Circle No. 766 


Textron Specialty Materials, Lowell, 
MA, has applied its chemical vapor 
deposition expertise to develop sili- 
con carbide reinforcing fibers for 
use in ceramic matrix composites. 
SCS ,M fibers maintain their strength 
at temperatures over 1 370° C, have 
improved creep strength, and will 
bend around a much smaller radius 
for weaving and bending into com- 
plex shapes. 

For More Information Circle No. 772 



A low-cost, high-performance 
LiTaO pyroelectric infrared detec- 
tor (PID) has been announced by 
ACI Components, Laguna Hills, CA. 
Use of lithium tantalate permits equal 
or better response times and nearly 
duplicates the sensitivity of higher- 
cost PXT PIDs. The ACI sensor's 
unique construction nearly elimi- 
nates "popcorn noise. " The tempera- 
ture range for the YIR series of sen- 
sors is -20 to 80° C, with operating 
voltages of 3-10 Vdc. 

For More Information Circle No. 760 


ROHM Corp., Antioch, TN, has in- 
troduced the first laser diode able 
to read and write magneto-optical 
disks. The multi-mode laser diode 
provides high optical output and lon- 
gitudinal multi-mode oscillation be- 
low 7 mW. It can be applied in PCs, 
CD ROM-type data storage devices, 
and audio components where short 
access time and high sound quality 
are desirable, as well as optical mea- 
surement devices, sensors, and opti- 
cal cards. 

For More Information Circle No. 768 


BEI Motion SystemsCo., San Marcos, 
CA, has integrated an optical en- 
coder and brushless motor commu- 
tator in one compact package. 
Dubbed the CMX21, it eliminates 
the need for Hall-effect sensors, com- 
mutation magnets, couplings, and 
extended housings. Precision digital 
commutation output enables in- 
creased motor performance, higher 
torque, and reduced current draw, 
motor ripple, and heat dissipation. 
For More Information Circle No. 770 
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For More Information Circle No. 444 
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VIRTUAL REALITY CHECK 


T he “reality check." That crucial phase of the design 

process that determines whether or not your design can 
survive the transition from blueprints to the real world. 

The reality check can be frightening because it forces you to ask 
tough questions. Could your design be lighter? Or faster? Or run 
more quietly? Can manufacturing produce it? Do your current 
vendors have the components you need? And so on. 

Fortunately there’s NDES. The National Design Engineering 
Show & Conference, March 8-11, 1993 in Chicago’s McCormick 
Place North. 


There’s also a complete applications-oriented Conference 
Program highlighting the latest design technologies and 
techniques. Have you heard the latest on fiber optic sensors? 
What about the newest benchmarking techniques? Or the 
emerging technologies in concurrent engineering? Sessions 
presented by industry experts will cover these and 56 other hot 
topics, including virtual reality. 

So before your design moves on to the manufacturing process, 
make sure it can pass the “reality check." Just bring your 
questions to NDES. You’ll find the answers you’re looking for. 


Here you’ll find the answers to all the questions a “reality check” 
can conjure up. At NDES you’ll examine over 25,000 components, 
systems and services from over 900 leading manufacturers. 
Everything from mechanical and electrical components ... to 
sensors and controls ... plastics and materials ... and the latest 
design hardware and software. 

For more information 
call (203) 352-8239. 



National 

Design Engineering 
Show & Conference 


March 8-11, 1993 
McCormick Place North 
Chicago, L 


NDES. We help designs make it in the real world. 


Take advantage of National Manufacturing Week 

Register for NDES and get free admission to these concurrent NMW events: 

• International Control Engineering Expo (ICEE) 

• National Plant Engineering & Maintenance Show and Conference (PEM) 


Register now for discounted admission! 


SAVE $15! Register for NDES before February 5, 1 993. Alter that date, bring this 
form with you to the show and present it to an attendee typist. Youll still pay only $10. Registration 
without this form is $25. 

Mail to: The National Design Engineering Show, P.O. Box 552, Brookfield, IL 


60513-0552. Note: Registration is for exhibits only. Please, only one registration per person. 

For the trade only. No one under 18 admitted. 

0ES 


Photocopy this form for additional registrants 

' aim ' ■*’ ‘ ' ' ' 
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2. Your Industry: (please check only one) 

A. a Aerospace 

B. □ Agriculture 

C. □ Appliance/Consumer Products 

D. □Automotive/Ground Transportation 

E. □ Communications 

F. □ Computers/Office Equipment/Systems 

G. □Consulting 

H. □ Energy/Utilities 

J. □ Fabricated Metal Products 

K. □ Government/Defense 

L □ Industrial/Commercial Machinery 

M. □ Medical/Pharmaceutical 

N. □ Mining 

P. □ Plastics/Elastomers/Materials 

Q. □ Printing/Publishing/Graphic Arts 

R. □ Process Manufacturing 

S. □Sporting Goods/Leisure 

T. □ Other (please specify): 


3. Number of employees in your company: 

A, ai-20 D. □501-1000 

B □ 21 -100 E. □1001-5000 

C. □ 101-500 F. □ 5000+ 


For More Information Circle No. 397 


4. Product Interest (check as many as apply): 

A. □CAD/CAM/CAE/CIM 

B. □ Computer Hardware 

C. □ Coatings/Lubricants 

D. □ Electrical Components 

E. □ Electronic Components 

F. □Electro-Optics 

G. □ Engineering Document 

Management/Imaging 

H. □ Hydraulics & Pneumatics 

J. □ Joining Systems/Adhesives/Fasteners 

K. □ Mechanical Components 

L. □Metals/Alloys 

M. □Nonmetals/Plastics/Elastomers 

N. □ Motion Control/Power Transmission/ 

Fluid Power 
P. □QA/QC/Testing 

O. □ Sensors & Controls 
R. □ Shapes & Forms 

5. □ Other (please specify): 


k.S ErftttDcn 
compare* 


© Reed Publishing (USA) Inc., 1992. Al rights reserved. 
Apartoffhe Reed Internal anal group. 








Position sensing 
goes digital 


World 's smallest 
position sensor 



New EASI-9500™ — the precision of noncontact 
analog position sensing with the accuracy and ease 
of a digital system. Digitize multiple channels of 
analog data, then process it to your requirements, 
with or without a host computer. Now! Temperature 
feedback from the same sensor! Call for details. 


800-5526267 

Kaman Instrumentation, 1500 Garden of the Gods Rd. 
Colorado Springs, Colorado 80907 
Phone 719-599-1132, Fax 719-599-1823 



Record Airborne Data & Video 

...simultaneously! 



is 3 Merlin ME-980 
enables concurrent 
recording of 
instrumentation 
data and video 
on a single 


The airborne-qualified ME-980 combines 

PCM data (2Kb/s to 590Kb/s) with^camera video in 
a single channel for recording on standard, 1/4, 1/2, 
3/4-inch and 8mm VCRs. 

Base station ME-990 recovers data to original format 
and timing for analysis. The system is particularly use- 
ful with low data rates and where visual images in sync 
with data are more revealing than data or video alone. 

•QUALIFIED Mii-Std-8i OD 

• PROVEN F16, F/A18, B2, AH64, & other platforms 

• VERSATILE Auto data rate tracking & picture optimization 

Merlin 

1888 Embacadero Road, Palo Alto CA 94303 USA 
Phone:(415)856-0900 • Fax:(415)858-2302 


For More Information Circle No. 461 


New Literature 



Akuloy RM modified nylon alloys 

featuring low moisture absorption, 
increased impact strength, and im- 
proved heat resistance are described 
in a brochure from DSM Engineering 
Plastics, Evansville, IN. The alloys 
offer performance characteristics 
superior to polypropylene and can 
be more cost-effective than nylons, 
according to the manufacturer. Ap- 
plications include power tool hous- 
ings, plugs, cable ties, gears, pump 
housings and impellers, fans, and 
electrical/electronic parts. 

For More Information Circle No. 714 


The 1 1 5-page MetalogGuide™from 
Struers Inc., Westlake, OH, offers a 
systematic, ten-step procedure for 
sample preparation. The user se- 
lects a material according to the 
color-coded Metalogram™, a matrix 
of hardness vs ductility, then follows 
preparation guidelines optimized for 
each material. The guide addresses 
all preparation parameters, includ- 
ing pressures and times for cutting, 
grinding, and polishing. 

For More Information Circle No. 710 



A 1 60-page VLSI and SMT intercon- 
nect solutions catalog from Emula- 
tion Technology Inc., Santa Clara, 
CA, highlights adapters and acces- 
sories used with development sys- 
tems such as emulators, logic ana- 
lyzers, and memory and logic pro- 
grammers. The publication features 
more than 500 new adapters includ- 
ing test clip, emulator, logic ana- 
lyzer, programming, and prototyping 
adapters for 63 PQFP packages. 

For More Information Circle No. 704 


Fenwal Electronics Inc., Milford, MA, 
has published a catalog describing 
its negative and positive tempera- 
ture coefficient (NTC/PTC) ther- 
mistors. Featured NTC thermistor 
I ines incl ude ISO-CH I PS™, glass en- 
capsulated chip, and UNI-CURVE® 
interchangeable R-t curve matched 
chip. Silicon- and ceramic-based 
PTC thermistors also are included. 
For More Information Circle No. 708 


Precision, High Speed 
Data Acquisition and 
Conversion 



A short-form catalog released by 
DATEL Inc., Mansfield, MA, de- 
scribes precision, high-speed data 
acquisition and conversion prod- 
ucts. New products include sam- 
pling and nonsampling analog-to- 
digital converters, digital-to-analog 
converters, multiplexers, sample- 
hold ampl ifiers, and tuneable active 
filters. The catalog provides a two- 
page tear-out reference section cov- 
ering FFT basics and data converter 
formulas such as frequency domain 
specifications, S/H specifications, 
anti-alias filters, and logarithms. 

For More Information Circle No. 702 


A bulletin published by Penn Engi- 
neering & Manufacturing Corp., 
Danboro, PA, highlights CON- 
NECTS WARE™ self-clinching fas- 
teners designed to reduce the amount 
of hardware needed, thereby speed- 
ing assembly while providing se- 
cure attachments. Fastener types 
profiled include type DSOS™ for 
mounting D-Sub connectors to pan- 
els; type IPIS™ for panel mounting 
50 Series IPI connectors; and type 
C2CS™ self-clinching standoffs for 
cable-to-cable applications. 

For More Information Circle No. 712 

A 1 1 4-page motors catalog from 
Maxon Precision Motors Inc., 
Burlingame, CA, describes a wide 
range of DC moving coil and 
brushless motors, spur and planetary 
speed reducers and gearheads, ana- 
log tachometers, optical encoders, 
and electronic drives. The publica- 
tion includes an applications sizing 
and technical assistance section. 
For More Information Circle No. 706 
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LITERATURE SI'QllK.IM 


Free catalogs and literature for NASA Tech Briefs’ readers. 
To order, circle the corresponding number on the Reader 
Action Request Form (page 99). 


REVIEW 
OXYGEN 
ANALYZERS 

A four-color brochure 
introduces a line of oxy- 
gen analyzers for the 
laboratory or process 
line. Suited for monitor- 
ing the oxygen levels in 
all types of gas streams. 
Trade oxygen levels for 
ppb to 100% are accu- 
rately determined by 
these ruggedly constructed instruments. No periodic 
maintenance or special operator skills required. In- 
trinsically safe and battery-operated versions are also 
available. 



PC- 

TEKTRONIX 
EMULATION 
SOFTWARE 

EM4 105-Plus is quality 
PC software emulating 
Tektronix 4 105/07 color 
terminals. Offers high 
resolution hardcopy 
drivers: Color PostScript, 
HP LaserJet, DeskJet 
500C. plotters. VT320 
and Tektronix 4010/14 
emulation, Kermit. Xmodem file transfer, modem di- 
aler included. Extensive network support is available. 

Diversified Computer Systems, Inc. 




VERSATILE 
BORON 
NITRIDE 

Combat® boron nitride 
is available in machin- 
able solids, powders, 
coatings, and aerosol. 
Solids used as electrical 
insulators, high-tem- 
perature, non-wetting 
crucibles and fixtures, 
breakrings, and nozzles 
for molten-metal appli- 
cations. Powders used as additives in plastics and 
cosmetics. Coatings used in metal, glass, and plastic 
industries for mold release and antioxidant. 


The Carborundum Co. 


For More Information Circle No. 301 


For More Information Circle No. 302 


For More Information Circle No. 303 


COATING 
ADHESION 
TESTER 

PATTI measures adhe- 
sion tensile strength us- 
ing compressed air to 
apply a continuous load 
to a 1/2" OD pull-stub 
bonded to the test coat- 
ing. The maximum pres- 
sure is measured and con- 
verted to psi. Substrates 
may be flexible or rigid, 
flat or curved. Six piston ranges to choose from, up to 
10,000 psi. Satisfies ASTM D454I requirements. 

SEMicro Corporation 


MULTI- 
CHANNEL 
TRANSIENT 
ANALYZERS 

The Nicolet MultiPro 
Transient Analyzer 
gives you all the inputs 
you need to handle two 
or 200 channel applica- 
tions. These complete 
turnkey systems, which 
are up and running in 
minutes, are powerful 
and flexible, and use an easy-to-follow Microsoft® 
Windows™ environment. 

Nicolet Measurement Instruments 


MS-DOS® 
IMAGE 
ANALYSIS 
SOFTWARE 

New! Axiom Research, 
Inc. MIRA (Microcom- 
puter Image Reduction 
& Analysis) software: 
fast, full-featured, low- 
cost image display, re- 
duction, and analysis for 
MS-DOS 5.0 Input 3-/ 
1 6-bit integer, 32-bit real 
1D/2D data, including CCD images to 2K X 2K with 
user-defined formats. Over 100 operations coded in 
assembly language for workstation graphical/numeri- 
cal performance. Multi-window graphical interface. 





For More Information Circle No. 306 


For More Information Circle No. 305 


For More Information Circle No. 304 


HIGH 

RESOLUTION 
VIDEO CCD 
CAMERA 

Brochure from Tietz 
Video & Image Pro- 
cessing Systems GmbH 
describes compact 
CCD- 1 000 1250-line 
camera with RS-232 
programmable gain/ex- 
posure control. 25 fps 
interlaced. Analog/ 
digital ports transmit 60dB dynamic range images to 
monitor or BSS- 1000 frame grabber. Complete image 
processing solutions for medical, industrial, and sur- 
veillance applications. Fax USA (602)622-5667. 


B92 CATALOG 
RELEASE 

The latest catalog from 
W.M. Berg, Inc. .coincides 
with Berg’ssilver anniver- 
sary. Founded in 1967, 
Berg has grown to become 
a recognized industrial 
leader of miniature pre- 
cision mechanical com- 
ponents. A significant 
amount of new items are 
added as well as expand- 
ing previous product lines. Featuring 60,000 standard 
components, 80% of which we are able to ship from stock 
within 24 hours. Available in metric version too: M92. 

W. M. Berg, Inc. 


PRO- 
GRAMMABLE 
MOTION CON- 
TROLLERS 

16-page catalog de- 
scribes full line of servo 
motion controllers. In- 
cludes box-level indus- 
trial controllers; multi- 
axis plug-in boards; and 
low-cost, single-axis 
motion cards. PC/XT/ 
AT, STD, VME and RS- 
232 interfaces available. Linear and circular interpola- 
tion. gearing, programmable I/O and memory. Also 
power amplifiers, servo motors, and support software. 

Galil Motion Control, Inc. 
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MOTION CON- 
TROL PROD- 
UCT GUIDE 

Aerotech's 216-page 
Motion Control Product 
Guide describes their 
extensive lines of mo- 
tor-driven linear and ro- 
tary positioning stages: 
DYNACRON micro- 
stepping translators; step- 
ping motors and drives; 
servo motors, amplifiers 
and drives; and brushless drives. Also described is 
Aerotech's UNI DEX™ motion controller line. A special 
four-page insert describing the capabilities of Aerotech’s 
Systems Engineering Division is included. 

For More Information Circle No. 310 


WASHERS AND 
SPACERS 

New for ’93 ! Boker’ s new 
32-page Catalog ’93 of- 
fers 1 1.000 non-standard 
sizes with no tooling 
charges. Outside diam- 
eters of 0.080" to 2.63 1 ". 
a wide variety of inside 
diameters and thick- 
nesses. and 2.000 mate- 
rial variations create mil- 
lions of possibilities. 
Materials include low carbon, cold rolled strip and sheet 
steel; five types of spring steel: low-alloy steel sheets; 
brass; copper; nickel silver, and such non-metallic ma- 
terials as Dclrin® Teflon® Mylar®? and nylon. 

Boker's, Inc. 

For More Information Circle No. 315 


BOTTOM 
MOUNT 
SLIDES 

16-page catalog details 
8 models/84 variations 
of Chassis Trak® bot- 
tom-mount telescoping 
slides for heavy-duty 
applications. Includes 
diagrams, dimensions, 
load capacities, appli- 
cations. mounting sug- 
gestions, plus custom and 
modification options. 

General Devices Company, Inc. 


LAB/TEST 
FURNACES 

A 36-page catalog (Bul- 
letin 3110) describes lab/ 
test furnaces manufac- 
tured by Applied Test 
Systems. Furnaces 
available in tubes, splits, 
or boxes in configura- 
tions and sizes designed 
to specific customer re- 
quirements. Features in- 
clude: low power con- 
sumption. fast heat-up. 
long element life, low shell temperature, stainless steel 
shell. Temperature to 3100°F. 

Applied Test Systems, Inc. 

For More Information Circle No. 31 1 


PROGRAM- 
MABLE POSI- 
TION CONTROL 

A complete 416-page 
engineer’s guide with 
specifications, dimen- 
sions. and performance 
data presents brushless 
servos, microstepping 
motorsystems. indexers, 
linear motors and abso- 
lute encoders. 


Compumotor Div., 
Parker Hannifin Corp. 

For More Information Circle No. 314 


COATINGS 
PROTECT 
MAGNESIUM 
PARTS 
AGAINST 
WEAR, 
CORROSION 

M AGNADIZE® surface- 
enhancement coatings 
protect magnesium parts 
against wear, corrosive 
chemicals, moisture and 
sticking. Magnaplate-applied coatings dramatically in- 
crease surface hardness and provide permanent dry lu- 
bricity. Available in four thicknesses, they also exhibit 
high dielectric strength and excellent release properties. 


COMPUTER 
CONTROLLED 
VALVES 

Brochure describes 
company's line of on- 
off. Metering and Servo 
Valves. Pressure Gen- 
erators. Automated 
Pressure and flow con- 
trol systems. Pressure 
Gage Calibration sys- 
tems and capability for 
custom configurations. 
Address is Cornell University Research Park. Bldg. 4, 
83 Brown Rd.. Ithaca. NY 14850-1298. 

Advanced Pressure Products 

For More Information Circle No. 312 


OPTICAL 
REFERENCE 
CATALOG 

Edmund Scientific’s 
free 204-page, full- 
color annual reference 
catalog features one of 
the largest selections of 
precision optics and 
optical instruments, 
plus a complete line of 
components and acces- 
sories for both large 
volume OEM users as well as smaller research facili- 
ties and optical laboratories. It contains over 8,000 
hard-to-find items including a large selection of 
magnifiers, magnets, microscopes, telescopes and 
accessories. 

For More Information Circle No. 313 


OEM PUMP 
CATALOG 

Pump catalog provides 
dimensional drawings, 
product features, and 
performance curves for 
the standard pump 
modes available from 
Gorman-Rupp Indus- 
tries. Pump designs in- 
clude Bellows Meter- 
ing. Centrifugal. Mag- 
netic Drive. Oscillat- 
ing. Nutating, and Peristaltic Pumps. 

Gorman-Rupp Industries 







MAGNADBZE 
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For More Information 


Circle No. 316 


For More Information Circle No. 317 


For More Information Circle No. 318 


COMPUTA- 
TIONAL 
SOFTWARE 

AXIOM is the latest 
generation. UNIX-based 
computational software. 
Powerful symbolic and 
visual mathematics in- 
cluding hypertext docu- 
mentation which can be 
click activated/edited for 
use as templates in your 
own work. Explore the 
worlds of fractal geometry, orbital mechanics, knot theory, 
quantum mechanics, and other computational disciplines 
easily — with Axiom. 

Numerical Algorithms Group, Inc. 

For More Information Circle No. 319 
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ABARIS 

TRAINING 

RESOURCES 


The brochure describes 
nine different “hands-on” 
workshops in advanced 
composite materials 
technology. These work- 
shops cover fabrication, 
repair, tooling, blueprint 
reading, adhesive bond- 
ing. engineering design 
for specialized repairs, 
and ultrasonic inspection of composites. Emphasis is 
placed on prepreg carbon and aramid fiber material 
and processes, utilizing vacuum bagging and high-tem- 
perature curing methods. Phone: 1-800-638-8441. Fax: 



702-827-6599. 

For More Information Circle No. 320 


ELECTRONIC 
HARDWARE 
CATALOG 

Broadest selection of 
hardware for electronic 
assemblies. 300-page 
free catalog includes a 
full range of standoffs, 
captive screws and nuts, 
chassis fasteners, han- 
dles. ferrules, spacers 
and washers. Special 
sections — new/unusual 
products, metric information and Mil-plating spec- 
ifications. Full inventory, fast turnaround, samples. 
Phone: 1-800-237-0013. Fax: 201-661-3408. 

Accurate Screw Machine Co. 

For More Information Circle No. 32! 
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X-RAY TUBES 
& POWER 
SUPPLIES 

Kevex X-Ray manufac- 
tures microfocus x-ray 
tubes, portable x-ray 
sources and high per- 
formance low power x- 
ray tubes. Its line of 
microfocus tubes in- 
cludes 126KV and 
160KV systems with 
focal spot sizes of 10 
microns and smaller. The innovative line of PXS™ 
portable x-ray sources include several models with 
beam voltages from 30KV to 1 30KV: all PXS units can 
be operated from a low level DC source making them 
ideal for field or OEM equipment installation. 

For More Information Circle No. 322 


PORTABLE 
PRESSURE 
VESSELS 

Pope brochure describes 
applications and ease of 
specifying vessels. High 
purity, sterile, or hazard- 
ous liquids stored, dis- 
pensed. mixed, or pro- 
cessed in ASME certi- 
fied vessels. Sizes from 
one to 100 gallons. Stan- 
dard container sizes 
stocked. Modifications include mixers, heaters, jackets, 
valves, gauges, wheels, special ports, finishes, controls, 
etc. Also designs for feed systems, blenders, reactors, 
fermenters. OEM. etc. New literature illustrates typical 
examples. Phone: 414-251-9300; Fax: 414-251-7387. 

For More Information Circle No. 323 


WORK STA- 
TIONS, LAB 
FURNITURE 

20-page illustrated 
guide covers the Teclab 
line of technical work 
stations and laboratory 
systems furniture. In- 
cluded are stations of 
different lengths, com- 
bined with a choice of 
cabinets, shelves, parts 
drawers, partitions, and 
other accessories. Catalog has dimensions, shows ar- 
rangements. describes work surfaces, and has a color 
selection guide. Call 800-832-5227. Fax: 616-372- 
6116. Address is Box 1 165. Kalamazoo. MI 49005. 

For More Information Circle No. 324 





NEW CONCEPT 
IN WAVEFORM 
DISPLAY 

Show waveforms on any 
VGA monitor without the 
complications of a com- 
puter! Use Modular In- 
struments' new Scroller- 
Scope. a compact, stand- 
alone, easy-to-operate 
unit. Capture waveforms 
in real time, without the 
fade-out common to slow 
sweep speeds of a conventional oscilloscope. Use it as a 
digital storage oscilloscope for negative-time triggering. 
See milliseconds to hours of data from a maximum of 
eight channels on a single screen. 



DATA 

ACQUISITION 
& CONTROL 

All new brochure of data 
acquisition and control 
hardware and software 
for IBM and Macintosh 
computers for laboratory, 
including new high-speed 
plug-in board products. In- 
cludes WorkBench Mac™ 
and WorkBench PC™ soft- 
ware for data acquisition 
and control using a revolu- 
tionary new icon-based 
graphical interface. 

Strawberry T ree 


Data Acquisition 
and Control. 


Solutions for 
Your Application. 



DATA ACQ. 
HARDWARE 
AND SOFT- 
WARE 

Free catalog showcases 
our line of turnkey PC- 
based data acquisition 
systems and new DI- 
200 Series plug-in 
cards. Our systems of- 
fer real-time display 
and disk streaming 
with playback and 
analysis. DI-200 products for DOS and Windows 
feature dual channel 16-bit DMA, with complete 
programmability including sample rate per channel. 
Prices start at $795. Call 800-553-9006. 



For 


More Information Circle No. 325 


For More Information Circle No. 326 


For More Information Circle No. 327 



3D MOLDED 
INTERCON- 
NECT DEVISES 
(MID) 

MIDs or plated circuits 
on plastic integrate me- 
chanical and electrical 
functions into one com- 
ponent. thereby reduc- 
ing the parts count, cost 
and complexity of elec- 
trical and electro-me- 
chanical assemblies. 
Complete design through production capabilities are 
offered. Contact Mitsui-Pathtek Corp., 250 Metro Park. 
Rochester. NY 14623. Phone: 716-272-3126. Fax: 716- 
272-3110. 



FREE WIT 


DEMO DISK 


WIT image processing 
development software of- 
fers an advanced visual 


programming environ- 
ment allowing a user to 
interactively design algo- 
rithms by forming arbi- 
trarily complex graphs 
using icons and links. WIT 
provides a large set of com- 
monly used imaging op- 
erators. supports Datacube hardware, and runs on either 
Sun. HP. or SGI workstations. Call 604-435-3587 or 
FAX a request to 604-435-8840 for your free demo disk. 


Logical Vision, Ltd. 


ENGINEERING 
FINDINGS 
CATALOG— 
FREE 

Featuring 272 pages of 
components, materials 
and select tools in this 
new 1992/93 catalog. 
Hard-to-find items in- 
clude stainless steel hy- 
podermic tubing in 
heavy, standard & thin 
wall, shrink Teflon tub- 
ing. threaded rod. high speed drills, precision hand 
tools, and stainless steel, nylon & metric machine screws. 
Furnished in small quantities for R&D or large quanti 
ties for economical pilot production. 



For 


More Information Circle No. 328 


For More Information Circle No. 329 


For More Information Circle No. 330 


MOISTURE 
MEASURE- 
MENT 

For more than 20 years. 
Endress + Hauser has 
developed instrumenta- 
tion for relative humid- 
ity and trace moisture 
measurement. Brochure 
describes measuring 
ranges and applications 
for Endress + Hauser 
moisture analyzers, 
which monitor and alarm one, two. or up to eight 
moisture measurement points as well as trace oxygen or 
pressure. Endress + Hauser. 2350 Endress Place. Green- 
wood. IN 46143; 1-800-428-4344. 




FASTCAD— 
POWERPACKED 
WORKHORSE 
FOR CAD 

FastC AD works for you ! 
Save time and money 
with FastC AD’s blazing 
speed and dynamic user 
interface. If you are seri- 
ous about generating 
fast, detailed CAD draw- 
ings. call 1-800-874- 
4028 for a free hands-on 
demo disk. 


Evolution Computing 


SOLENOIDS 
DESIGN GUIDE 

Lucas Ledex' complete 
line of standard linear 
and rotary solenoids in- 
cluding high precision 
rotary, low profile, tu- 
bular. open frame, mag- 
netic latching and 
brushless torque actua- 
tion models are featured 
in this 144-page engi- 
neering guide. Unit 
specifications, application data, solenoid fundament- 
als and interface products featured. Custom engineered 
prototypes available. 

Lucas Ledex, Inc. 
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AIRBORNE 
DATA-TO- 
VIDEO EN- 
CODER 

The Merlin ME-981 se- 
lies units convert digital 
data into video for record- 
ing on standard unmod- 
ified video cassette re- 
corders. Application spe- 
cific data interfaces are 
available for PCM up to 
2.2 Mb/s. Mil-Std-1553, 
and RS-422. Ground based ME-991 Decoder restores 
data to its original state for analysis. 

Merlin 

For More Information Circle No. 335 



TURBO- 
MACHINERY 
ENGINEERING 

Free brochure shows how 
companies that produce or 
operate compressors, 
pumps, or turbines can 
benefit from NREC’s ad- 
vanced engineering con- 
sulting expertise, special- 
izedCAE/CAM software, 
and precision manufactur- 
ing services. Phone: 617- 
937-4655. Fax: 617-035-9052. 

Northern Research & 
Engineering Corp. 

For More Information Circle No. 336 


DSP SYSTEMS 
PRODUCT 
CATALOG 

Pentek's free 1992 cat- 
alog describes a varie- 
ty of VMEbus and 
Multi-bus baseboards 
and mezzanine expan- 
sion modules. Hard- 
ware offerings include 
TMS320C40, ‘C30. 
•C25 and DSP32C pro- 
cessors and co-proces- 
sors. A/D’s and D/S's. digital I/O. SCSI interfaces, 
precision clock generators. Tl/CEPT telecom inter- 
faces. and VMEbus adapters for SUN and PC AT. 
Software offerings included. Phone: 201-767-7100. 
Fax: 201-767-3994. 

For More Information Circle No. 337 





PNEUMATIC 
LINEAR SLIDES 

PHD's 16-page illustrated 
color catalog contains 
complete information on 
a new line of Pneumatic 
Linear Slides. Included 
are engineering dimen- 
sions, technical data, ap- 
plication information, 
and details on a wide 
range of options and ac- 
cessories. These slides 
are available in five sizes, each with two different bear- 
ing types with standard and oversize shafts. Phone: 



WALL-SIZED 

DISPLAY 

FOR 

COMMAND & 
CONTROL 


MediaWall ,M transforms an array of monitors or 
projectors into a giant computer screen for "wall- 
sized” displays of text, graphics, ani mat ion and scanned 
photographs. A direct digital interface to a computer 
produces images of startling clarity, making Media 
Wall the ideal system for command and control appli- 
cations and photo analysis. 



TOOLING 
COMPONENTS 
AND CLAMPS 

This 500-page catalog 
contains an assortment of 
components including 
toggle clamps, modular 
fixturing, clamping de- 
vices, power workhold- 
ing. chuckjaws, pins, 
knobs. drill bushings, lev- 
eling feet, and much 
more. 


1-800-624-8511. 

PHD, Inc. 


RGB Spectrum 


Carr Lane Mfg. 


For More Information Circle No. 338 
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For More Information Circle No. 340 


GPS TIMING 
FOR PC AND 
VMEBUS 

This information folder 
from Bancomm de- 
scribes new PCbus and 
VMEbus board-level 
Global Positioning Sys- 
tem (GPS) Satellite Re- 
ceivers. These products 
provide world wide 
precision time (100 
nanosecond) and fre- 
quency (1 part in 10E7) references inside the host 
computer. 



Bancomm 


SURFACE 
MACHINING 
SYSTEM FOR 
DOS 

Call 800-488-36 1 5 for lit- 
erature and a working 3- 
disk demoofSURFCAM. 
an easy-to-leam, sculp- 
tured surface machining 
system for DOS and Win- 
dows. Complete 3D de- 
sign and editing and fast 
32-bit background pro- 
cessing at low PC-CAM prices. Phone: 818-361-5605. 
Fax: 818-361-1919. Address: 4221 Park Ave.. San 
Fernando. CA 9 1 340. 

Surfware, Inc. 


Fhst Through 
The Cunes 
And Smooth 
DounThe 
Cutaway 




REAL-TIME 

NETWORK 

The SCRAMNet™ Net- 
work combines the real- 
time speed of replicated 
shared memory with the 
flexibility of a fiber op- 
tic LAN to get micro- 
second response from 
multi-vendor comput- 
ers. It offers distinct ad- 
vantages in critical simu- 
lations. Brochure high- 
lights system’s features. 


Systran Corp. 


For More Information Circle No. 341 
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UKA OPTICAL 

PRODUCTS 

PLUS 

Complete engineering 
design and manufactur- 
ing of optical lenses and 
optical components. Cus- 
tom design and off-the- 
shelf lenses with superior 
precision of computer 
design. Full sales and 
customer service sup- 
port. Brochure available 
at your request. 


ELECTRO- 
MAGNETIC 
DESIGN 
SOFTWARE 

The legendary Vector 
Fields suite of software, 
including the TOSCA. 
ELEKTRA and OPERA 
packages, combines clas- 
sical finite element tech- 
niques w-ith user friendly 
interactive graphics for 
high accuracy 2D and 3D 
simulation and design of all types of electromagnetic 
equipment. 



LOW-COST 
VIBRATION 
TEST 
SYSTEMS 

Vibration systems from 
25 to 600 pounds force 
for: research and devel- 
opment ; products quali- 
fication; vibration stress 
screening; modal exci- 
tation; vibration demon- 
strations. Also avail- 
able: multiple shaker 
systems; table expanders; cube fixtures; custom fix- 
tures; slip tables. 



Universe Kogaku (America) 


Vector Fields 


Vibration Test Systems 
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STANDARD 

REFERENCE 

MATERIALS 

CATALOG 

The New Standard Ref- 
erence Materials catalog 
from NIST lists some 
1 300 SRMs in 70 major 
categories. SRMs are 
well -characterized mate- 
rials produced to improve 
measurement science and 
serve industry. 


National Institute of 
Standards and Technology 

For More Information Circle No. 347 
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PALM-SIZE FFT 
ANALYZER 

The remarkably small 
RION SA-77 FFT Ana- 
lyzer weighs less than 24 
ounces and performs like 
many lab types: 0- 
50KHz, up to 800 lines, 
storage, order analysis. 
RS-232C. integration, 
etc. Analysis functions 
include FFT. phase, and 
amplitude distribution. 
The SA-77 complements Scantek's full line of sound 
and vibration instrumentation. Phone: 301-495-7738. 
Fax: 301-495-7739. Address is 916 Gist Ave.. Silver 
Spring. MD 20910. 

For More Information Circle No. 348 
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ELECTRO- 
MAGNETICS 

Ansofl's Maxwell 
Field Simulators pro- 
vide a dedicated tool 
for electromechan- 
ical. high-voltage, 
and magnetic appli- 
cations. Links to 
AutoCAD. ProEn- 
gineer. SDRC. and 
others. Find out why 
more companies use 
Ansoft’s tools for electromagnetics. Phone: 412- 
261-3200. Fax: 412-471-9427. Address: Four Sta- 
tion Square. Suite 660. Pittsburgh, PA 15219. 

Ansoft Corporation 

For More Information Circle No. 349 



CATALOG 
DESCRIBES 
DATA 

ACQUISITION 
SYSTEMS 

Both general and special- 
ized data acquisition sys- 
tems arc described in this 
new catalog from Hi- 
Tcchniques. Modular in 
design, these products 
contain all the software 
for acquisition of signal data, calculation of data param- 
eters. and output of finished documentation for both 
research and routine test applications. Phone: 608-221- 
7500. 

For More Information Circle No. 350 



201,000 Reasons Why 
Your Ad Belongs Here 

NASA Tech Briefs' Literature Spotlight sec- 
tion offers a low-cost way to reach over 
201 ,000 industry and government LEAD- 
ERS with your advertising message. These 
are technology managers, design engi- 
neers, and scientists with tremendous buy- 
ing power. The April 1993 issue is your 
next opportunity to use this high-impact 
sales tool. For more information or to re- 
serve space in Literature Spotlight, contact 
your NASA Tech Briefs sales representa- 
tive (listed on page 10 in this issue) or call 
Joseph Pramberger at (800) 944-NASA. 


COMPACT 
CONTROL- 
LERS FOR 
MACHINE/ 
PROCESS 
CONTROL 

ANAFAZE CLS™ are 
versatile, inexpensive. 
4. 8 and 16 multi-loop 
PI!) controllers to run 
small processes, exper- 
iments. machines. Key 
features: Autotunc (Instant Setup); accepts most sen- 
sor input types (even Infrared); 50 Digital I/O for 
alarms, events, triggers; computer I/O/Network fea- 
tures. New brochure free! Phone: 408-479-0415. 
FAX: 408-479-0526. 

For More Information Circle No. 352 



FINE WIRE AND 
RIBBON 
PRODUCTS 

Molecu Wire Corporal ion 
specializes in the manu- 
facturing of precision fine 
wire and ribbon products 
used in a wide variety of 
applications including 
computer peripherals, 
medical devices, con- 
sumer electronics and 
telecommunications. 
Molecu' s in-house enamelling and gold plating capabili- 
ties assure customers a precision product which meets the 
most demanding specifications. Molecu is proud of the 
rigorous quality testing procedures and equipment we 
have pioneered to meet our customer’s diverse needs. 

For More Information Circle No. 353 



ABRASIVE 
BLAST SYSTEM 

The Micro- Jet 200 is a 
miniature, low-cost system 
for the shockless machin- 
ing. cutting, and etching of 
the hardest materials such 
as glass, ceramics, gem 
stones, carbides. Employ- 
ing a pressure feed system 
for producing the air/abra- 
sive jet. its operational per- 
formance is the equal of 
more expensive competitive systems. Applications in- 
clude: cutting, drilling and shaping, etching and marking: 
micro-deburring and deflashing; cleaning, surface fin- 
ishing. 

Hunter Products, Inc. 

For More Information Circle No. 354 



NOISE 
CONTROL 
PRODUCTS 

New color brochure de- 
scribes SONEX and 
SONEX I sound-ab- 
sorbing materials with 
patented shapes that 
control noise better than 
standard acoustical 
treatments. Brochure 
explains basic noise 
control techniques and 
presents many forms, sizes, and colors of SONEX 
products for industrial, office and OEM noise control. 
Brochure shows applications and includes informa- 
tion on acoustical performance. 

For More Information Circle No. 355 



ELECTRIC 
LINEAR 
ACTUATORS 

Three series of electric 
rodless and standard cyl- 
inders and controls are 
covered in this 136-page 
catalog. It provides per- 
formance data, compari- 
sons. dimensions, and ac- 
cessories. Additional sec- 
tions provide sizings and 
selection design consid- 
erations and applications. Tel: 1-800-747-0064, Fax: 
415-883-2094. 

Industrial Devices Corp. 

For More Information Circle No. 356 



LIGHT 
MEASURE- 
MENT 
CATALOG 

All new 28-page catalog 
describes light measure- 
ment instrumentation 
for use in all environ- 
ments covering the ul- 
traviolet. visible and in- 
frared spectral ranges. 
The “reader friendly” 
catalog provides infor- 
mation on radiometers, photometers, spectroradi- 
omelers. detectors, filters, input optics and various 
associated accessories. 

International Light, Inc. 

For More Information Circle No. 357 



GPS-SYN- 
CHRONIZED 
TIMING 
PRODUCTS 

TrueTime’ s Precision 
Timing Products cata- 
log features GPS Syn- 
chronized Clocks in 
rackmount. portable, 
and board-level con- 
figurations. Includes 
i I lustrations and prod- 
uct specifications for 
our complete line of Synchronized Clocks, Time 
Code products, and remote displays to fit a variety of 
time and frequency applications. 

Truetime, Inc. 

For More Information Circle No. 358 
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PHASE NOISE 
TEST SET 

The PN-9000 is smaller, 
faster, easier lo use and 
designed to facilitate au- 
tomated measurements. 
Features include: simple 
and fast calibration and 
measurement proce- 
dures. modular architec- 
ture for flexibility and 
custom systems, plus 
much more. Send for new 
brochure. 35 South Service Rd. Plainview. NY 1 1803. 
Tel: 516-694-6700: Fax: 516-694-6771. 



COMSTRON 


MEASURING 
MASS FLOW 

ABB K-Flow®Coriolis 
meters measure mass 
flow at 0.25% accuracy; 
plus they also measure 
density, temperature, 
multi-phase constituency 
(%solids/liquids/mass), 
specific gravity, net flow, 
and concentration. For 
flows from a few cc’s to 
2,500 Ibs/min.. for hun- 
dreds of fluids. ABB K-Flow® meters are economical 
and unmatched in capability. Engineering data pack- 
age available. 

ABB K-Flow, Inc. 




LOW-COST 
PC-COMPAT- 
IBLE DATA 
LOGGER 

Puts eight thermo cou- 
ple channels on moni- 
tor, printer, or disk for 
S279 complete. Spec- 
ifically for laboratory 
and industrial temper- 
ature monitoring. A- 
voids complex set-up 
or installation and is 
functioning w ithin minutes. RS-232 interface powers 
converter and eliminates sensor wires at computer. 
QuickBasic®MS source code and compiled program 
provided. 16-channel and linear sensor options. 


For More Information Circle No. 359 


For More Information Circle No. 360 


For More Information Circle No. 361 



SEE THE HOT 
SPOTS? 

An Ml -A I tank may not 
be attacking you now. but 
a hot spot probably is. In- 
dustrial and research in- 
frared cameras are avail- 
able to get or keep you out 
of the hot seat. For more 
information call 513-573- 
6275. or Fax 513-573- 
6290. Address is 7500 In- 
novation Way, Mason. 
OH 45040. 


Cincinnati Electronics, 
Detector Labs 


EMCOR’S EMI/ 

RFI ENCLO- 
SURES 

# 1 Emcor offers two options 
I for shielding EM1/RFI 
I emissions: the FCC level 
* series covers commercial 
and industrial require- 
ments while the TEM- 
PEST-style scries is used 
when higher levels of at- 
tcnuation are required. 
Emcor Products. 16004th 
Avenue. NW. Rochester. MN 55901. Tel: 507-289- 
3371. 


Emcor Products 


INVESTMENT 
CASTINGS 

PM1 brochure de- 
scribes ferrous and 
non-ferrous investment 
castings to 10#. Many 
commercial and aero- 
space applications. 200 
airmeltable alloys, with 
expanded capacity for 
ductile iron and alumi- 
num. Near netshape. 
internal complexity, 
close tolerances, excellent surface finish designed in. 
Engineering and prototype services complement 
your engineering team. 

Precision Metaismiths, Inc. 
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FREE DATA 
ACQUISITION 
SOFTWARE 
TOOL 

DAQ Designer is a free 
software tool that helps 
determine which hardware 
and software com- 
binations are best for 
your PC-based data ac- 
quisition system. DAQ 
Designer will (1) ask 
questions about your ap- 
plication. (2) determine your system needs, and (3) 
describe what hardware and software you need to de- 
velop the data acquisition system. 

National Instruments 


PRECISION 
POSITIONING & 
MOTION 
CONTROL 

NEAT’s 1993 catalog, 
updated to include some 
of the latest additions to 
our growing family of 
precision positioning 
components and sys- 
tems. We have expand- 
ed our entire product 
line, which includes: 
single-axis, multi-axis, rotary, high vacuum and air 
bearing stages, along with a complementary line of 
stepping, servo, and linear motor drives and controls. 
Tel: 800-227-1066; Fax: 800-523-8201. 


CURRENT 
PREAMPLI- 
FIER 

The SR570 is a low 
noise (5 fA/VHz) trans- 
impedance preamplifier 
capable of current gains 
as large as I O' 2 V/A. 
Two configurable fil- 
ters offer highpass, 
lowpass, or bandpass 
signal conditioning 
over the instrument’s 
I MHz bandwidth. The amplifcr can be operated 
from the AC line or from its internal rechargeable 
batteries, which provide up to 15 hours of operation. 

Stanford Research Systems 
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DESIGNING 
UNIFORM 
SOURCE 
SYSTEMS 

Labsphere offers a new 
technical guide for the 
design of uniform source 
systems for a variety of 
applications. The Tech- 
guide includes an over- 
view of how systems are 
modelled and designed 
(including radiance mod- 
elling calculations and calibration descriptions) and a 
separate section describing the actual design and manu- 
facture of two custom systems. 

Labsphere 



ELCILOY 


HIGH-PERFOR- 
MANCE ALLOY 

Elgiloy® is a high-per- 
formance nickel-cobalt 
alloy. This brochure de- 
scribes its characteristics 
and properties as well as 
processing information. 
Elgiloy is offered in strip 
and wire and is used in a 
variety of specialized ap- 
plications. 


FIBER OPTIC 
DISPIACEMENT 
SENSORS 


Elgiloy® Limited Partnership 


FIBER 
OPTIC DIS- 
PLACEMENT 
SENSORS 

Sensors for precision 
dynamic measurement 
on non-conductive and 
conductive materials. 
Non-contact sensors de- 
scribed in catalog in- 
clude reflectance depen- 
dent and reflectance 
compensated models. 
Applications include dimensional measurements and 
motion analysis of vibrating or rotating targets. From 
$595. Tel: 410-757-4404; Fax: 410-757-8138. Ad- 
dress: Box 359, Arnold, MD 21012. 
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LITERATURE SPOTLIGHT 


Free Literature/To Advertise call (800) 944-NASA 


INSTRUMENTS 
CATALOG 

The 1993-1994 Cole- 
Parmer catalog features 
over 1,500 full-color 
pages and describes 
more than 35.000 prod- 
ucts covering instru- 
ments. equipment, and 
supplies. The catalog fea- 
tures 32 pages of new 
products, special techni- 
cal data and conversion 
factor sections, a newly-organized fittings section, an 
expanded chemical resistance chart. Tel: 800-323-4340. 

Cole-Parmer Instrument Co. 

For More Information Circle No. 370 


CORROSION 

TRAINING 

“Fundamentals of Corro- 
sion and Its Control" train- 
ing course provides in- 
struction in forms of cor- 
rosion. corrosive environ- 
ments. methods for test- 
ing and control. Two and 
one-half day program to 
be presented four times in 
1993. 


LaQue Center For 
Corrosion Technology, Inc. 

For More Information Circle No. 371 


FAST 

SWITCHING 
FREQUENCY 
SYNTHE- 
SIZERS 

The FS-5000 is faster, 
cleaner, smaller, and 
more rugged. Featuring 
200 nS switching 
speed. DC-40 GHz fre- 
quency. -70 dB spuri- 
ous. the lowest phase- 
noise of any agile 
source . .plus more. Send for new brochure. 35 South 
Service Rd. Plainview. NY 11803. Tel: 516-694- 
6700; Fax: 516-694-6771. 

COMSTRON 

For More Information Circle No. 372 
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MARKETPLACE 



The i 


*F' s 



POWER 
GRABBER 


Processing Power 
for Machine Vision 

FLEXIBLE FRAME 
GRAB 

HIGH SPEED 
PROCESSOR 
REALTIME 
DISPLAY BOARD 
EXTENSIVE 
SOFTWARE 
BIG POWER, 
SMALL PRICE 

Dipix TrcKnolopM Inr.. 

Board Produrt* Division 
1050 Batlrr Road. Ottawa. 

Ontario. Canada K2C 31*1 
Trlrphonr (M.ll 506-4942 
Ka\ (413) 5% -49 1 4 Trie* 053 3651 
Toll frrr in thr U.S. I 800-724 5929 



To Advertise— Call (212) 490-3999 



FREE! 
130 
Page 
Catalog 

“Optics 
for 

, Industry” 

Free 130 page product catalog from Rolyn, 
world's largest supplier of "Off-the-Shelf" optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod- 
ucts and coatings in prototype or production 
quantities. ROLYN OPTICS Co., 706 Anrowgrand 
Orcte, Covina. CA 91722-2199, (818)915-5707, 
FAX (818)915-1379 


For More Information Circle No. 390 For More Information Circle No. 651 For More Information Circle No. 458 


THE EASY CHOICE 



Micro-Link’s VME203 makes your design choice 
easy. Available in several configurations, VME203 
prices start at $995 including a 16MHz 68EC030. 
1 MB DRAM with transparent refresh, burst mode 
Cache, up to 1 MB of EPROM, two RS-232 serial 
ports, and low power CMOS operation of <750 mA 
Max. @ +5V. Options include a 68030 CPU. FPU, 
4 MB of DRAM and clock speeds of 32 or 40 MHz. 
VME203 software support includes Microware 
OS-9* pSOS™, CrossCode* C FreeForm™ and 
MACRObugll. 

MICRO-LINK 

Call For Your Free Configuration Guide: 
1-800-428-6155 US & CANADA 
1-317-846-1721 INTERNATIONAL 



For More Information Circle No. 432 



MICROCONTROLLERS 

• C Programmable 

• Data Acquisition 

• Control /Test 

• Excellent Support 

• From $159 Qty 1 

• New Keyboard 
Display Modules 

Use our Little Giant" and Tiny Giant" miniature control- 
lers lo computerize your product, plant or lest department. 
Features built-in power supply, digital 1/0 to 48+ lines, 
serial I/O (RS232 / RS485), A/0 converters to 20 bits, 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, up to 8 X 40 
LCD with graphics, and more! Our SI 95 Interactive Dy- 
namic C ,M makes serious software development easy. 
You're only one phone call away from a total solution. 

Z-World Engineering 

1724 Picasso Ave.. Davis, CA 95616 
(916) 757-3737 Fax: (916) 753-5141 
Automatic Fax: (916)753-0618 
(Cali from your fax request catalog #18) 


4 MEG VIDEO Model 10 

Flexible Image Processor and 
Application Accelerator For The PC/AT 

8 to 8000 Pixels per Line 
2 to 19 MHz sampling/display rate 
10 MIPS Programmable Accelerator 
4 Megabytes of Reconfigurable Image Memory 
RS-170, RS-330, and CCIR input/output 
Variable timing for nonstandard formats 
Genlock to external riming sources 
Analog or digital inputs 
Software programmable riming/resolution 


<a>EP IX* 


3005 MacArthur Blvd., Northbrook, IL 60062 

708-498-4002 FAX: 708-498-4321 
For More Information Circle No. 675 


SEKAI MINIATURE COLOR CAMERA 

BEST OF M VDRWS... 


mfr ft, 000.00 


FREE 

OPTICS 

CATALOG 

50 Pages 


O QUANTUM 



QUANTUM OPTICS new 50-page catalog offers the best 
combination of quality, price and delivery on precision 
optics of all types for imaging and other applications. 
Catalog stock and custom-coated optics: mirrors, lenses, 
prisms, wave plates, and others. OEM capability. 


- 6*0 


QUANTUM 
OPTICS COMPANY 


PO BOX 237, POMFRET, CONNECTICUT, 06258 
(203) 974-6000 FAX (203) 974-6002 

For More Information Circle No. 674 


Precision Positioning 
Anywhere! 



• Ruggidized & Qualified 

• Miniature. Less than 1” X 1” X 5” 

• 470 Lines of Horizontal Resolution 
• Low Light 4.5 LUX 

For Further Information: 

TELE: (310) 921-7775 
FAX: (310)921-7875 
Ron Burnett 

For More Information Circle No. 439 For More Information Circle No. 382 



Farrand linear and 
rotary Inductosyn ® 
transducers 
provide absolute 
and Incremental 
positioning infor- 
mation accurate 
to ±40 microinches, ±0.5 arc second, or better. 
Rugged and reliable, our position transducers 
operate anywhere, even under extreme 
conditions— vibration, temperature from 
10°K to 160°C, shock, high pressure, vacuum, 
and dust or oil films. 

Call 914/761-2600 or fax 914/761-0405. 


M\ FARRAND CONTROLS 

DIVISION OF RUHLE COMPANIES, INC. 
99 WALL STREET-VALHALLA, NY 10595 
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Fuzzy Logic 


NEW FOR 1993! 


WASHERS & SPACERS 
CALL 1-800-WASHERS 


( 1 - 800 - 927 - 4377 ) 

•11,000 flat, non- 
standard washer sizes 

• No tooling charges 
•O.D.'s from 0.080 to 

2.631 inches 

• Metals and Plastics; 
2,000 material choices 

ete stamping 
bility 

•EDM tooling; SPC 
capability; JlT delivery 

• Superior quality since 
1919 

•Call or FAX for a fast 
quote 


For More Information Circle No. 662 


For More Information Circle No. 411 


For More Information Circle No. 450 


Record, Playback, and 
Analyze at 500 MS/s 


BORER'S, inc 

3104 Snelling Avenue South. Minneapolis. MN 55406-1937 
Phone:612-729-9365 FAX: 612-729-8910 


With ESL's VP 5000 
Signal Analysis System! 

•32 to 256 MBytes real-time storage 

• 200 MHz analog bandwidth 

• Single and dual channel systems 

• 10 KS/s to 500 MS/s digital 1/0 

• Embedded i860 processing and analysis 

• Flexible acquisition and playback modes 

High Throughput Solutions 

ESL A Subsidiary of TRW 

495 Java Drive. P.0. Box 3510 m m 

Sunnyvale, CA 94088-3510 m m w 

408.743.6213 W M 


CubiCalc 


MS Windows-based tool 
tor non-programmers 


Simulate system response using 
built-in expression interpreter or 
apply fuzzy rules to file data 
Plot results or log numerically 

CubiCalc RTC for programmers includes 
run-time compiler and deployable modules 

Also available... 

The OWL Neural Network Library 
HyperLogic Corporation 

1855 East Valley Parkway, Suite 210 
Escondido, California 92027 
Tel 619/746-2765 Fax 619/746-4089 


G 

GAS TUNGSTEN ARC 
WELDING 

Pulsed -current welding 
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through accurate Graphi,e Epoxy Composi,e 

materialographic 
sample preparation. 

Struers automated equipment 
and matched consumables 
keep your metal/materialo- 
graphic sample preparation 
systems ONE STEP AHEAD. 

Struers continues as the world leader in 
sample preparation systems — historically 
providing breakthrough products and 

solutions to application problems. 

Take the first step — for a FREE, 36- page 
mini-catalog, call toll-free: 

800/321-5834 


Struers 


Achieve lhie Structures 


Rotopoi-Podemat 


Struers, Inc. • 216/871-0071 
TeleFAX 216/871-8188 


PREPROCESSING 

Preprocessing program 
for finite-element 
analyses 
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PROCEDURES 
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PROTOZOA 

Bioconvective assay as 
alternative to Draize test 
page 95 MFS-26162 
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lasing with controlled 

retroreflection 

page 63 LAR- 14645 

Q 

Q SWITCHED LASERS 

Testing for parasitic 

lasing with controlled 

retroreflection 

page 63 LAR- 14646 

R 

RADAR IMAGERY 

Registration of SAR 
images with multisensor 
images 

page 91 NPO-18060 

RADIO ASTRONOMY 

Synthetic -aperture an- 
tenna array with beam- 
waveguide coupling 
page 33 NPO-18605 

REDUNDANCY 

ENCODING 

Compact, flexible 
telemetry-coding circuits 
page 36 GSC-13514 

REFRACTORY 

MATERIALS 

Welding wires to thin 
thermocouple films 
page 84 LEW- 15100 

REMOTE CONTROL 

Single- fiber optical link 
for video and control 
page 37 KSC- 11571 

REMOTE HANDLING 

Movable cameras and 
monitors for viewing 
telemanipulator 
page 54 NPO- 17837 

REMOTE 

MANIPULATORS 

SYSTEM 

Robot -control station 
would adapt to operator 
page 55 NPO- 17838 
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THERMOMETERS 

Germanium resistance 
thermometer for sub- 
kefvm temperatures 
page 60 GSC-13406 


RETROREFLECTION 

Testing for parasitic 

lasing with controlled 

retroreflection 

page 63 LAR-14645 


ROBOTICS 

Microrover operates with 
minimal computation 
page 47 NPO- 18543 

Planning robot -control 
parameters with qualita- 
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page 90 NPO- 18544 

Robot -control station 
would adapt to operator 
page 55 NPO- 17838 

Configuration-control 
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page 81 NPO- 18556 

ROVING VEHICLES 

Microrover operates with 
minimal computation 
page 47 NPO- 18543 
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High-lemperalure. flexi- 
ble. pressure-assisted 
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Softened-stainless-steel 

O-rings 

page 85 LEW-15344 

SEPARATORS 

Membrane separation of 
nitrogen tetroxide 
page81 KSC-11519 

SEQUENCING 

Test-matnx sequencer 
page 52 LEW- 15387 

SHEAR LAYERS 

Study of compressibility 
corrections to turbulence 
models 

page 79 ARC-13157 

SHELLS 
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FORMS) 

Pressurized shell molds 
for metal-matrix 
composites 
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SHIELDING 

Deployable debris 
shields for space station 
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Improved method for 
experiments in vertical- 
flow boiling 
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SOLAR COLLECTORS 

Microsheet glass in solar 

concentrators 
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SPACE DEBRIS 

Deployable debris 
shields for space station 
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SPACE STATIONS 

Deployable debris 
shields for space station 
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SHIELDING 

Deployable debris 
shields for space station 
page 80 MSC-21796 
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Softened-stainless-steel 

O-rings 

page 85 LEW- 15344 

STRIP 

TRANSMISSION LINES 

Tuners for coplanar-strip 
transmission lines 
page 33 NPO- 18359 

SUBSONIC AIRCRAFT 

Subsonic airplane for 
high-altitude research 
page 82 ARC- 12822 
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SURFACE VEHICLES 

Microrover operates with 
minimal computation 
page 47 NPO- 18543 

SWITCHING CIRCUITS 

Fast overcurrent tripping 
circuit 

page 38 LEW- 15022 

SYNTHETIC 

APERTURES 

Synthetic-aperture 
antenna array with beam- 
waveguide coupling 
page 33 NPO- 18605 

SYNTHETIC 
APERTURE RADAR 

Registration of SAR 
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images 
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Compact, flexible 
telemetry-coding circuits 
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TELEOPERATORS 

Movable cameras and 
monitors for viewing 
telemanipulator 
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Robot -control station 
would adapt to operator 
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TEST FACILITIES 

Test-matrix sequencer 
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THERMOCOUPLES 

Welding wires to thin 
thermocouple films 
page 84 LEW-15100 

THICK PLATES 

Ultrasonic inspection of 

thick sections 

page 89 MFS-28616 

THIN FILMS 

Polyimides containing 
amide and perfluoroiso- 
propyt links 

page 70 LAR- 14608 

TIPS 

Oxygen-free welding 
contact tips 

page 84 LAR- 14 169 
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Torque- wrench adapter 
for confined spaces 
page 77 KSC-11508 

Adhesive contact sweeper 
page 85 MFS-28637 

TORQUE 

Torque- wrench adapter 
for confined spaces 
page 77 KSC-11508 

TOXICITY AND 
SAFETY HAZARD 

Bioconvective assay as 
alternative to Draize test 
page 95 MFS-26162 

TRANSMISSION LINES 

Tuners for coplanar-stnp 
transmission lines 
page 33 NPO- 18359 

TRANSONIC FLOW 

Analyzing transonic flow 
over a wing and fuselage 
page 73 LAR- 14722 

TRAVELING 
SALESMAN PROBLEM 

Analog processor to solve 
optimization problems 
page 56 NPO- 1 8390 


TUNERS 

Tuners for coplanar-strip 
transmission lines 
page 33 NPO- 18359 

TURBULENCE 

Study of compressibility 
corrections to turbulence 
models 

page 79 ARC-13157 

TWO DIMENSIONAL 
FLOW 

Interactive-boundary- 
layer computations for 
oscillating airfoil 
page 74 ARC- 12466 

TWO PHASE FLOW 

Improved method for 
experiments in vertical- 
flow boiling 

page 62 KSC-11549 

U 

ULTRASONIC FLAW 
DETECTION 

Ultrasonic inspection of 

thick sections 

page 89 MFS-28616 

V 

VIDEO SIGNALS 

Single-fiber optical link 
for video and control 
page 37 KSC- 11571 

VISUAL FIELDS 

Computer-aided plotting 
of fields of view 
page 92 NPO- 18546 

ViTERBI DECODERS 

Add/compare/setect cir- 
cuit for rapid decoding 
page 37 LEW- 15253 


w 

WAVEGUIDE TUNERS 

Tuners for coplanar-strip 
transmission lines 
page 33 NPO- 18359 

WELDING 

Oxygen-free welding 
contact tips 

page 84 LAR- 14169 
Pulsed -current welding 
of nickel -based alloy 
page 88 MFS-27266 

WHEAT 

Development of software 
to recognize parts of 
plants 

page 94 KSC- 11488 

WIND MEASUREMENT 

Calibrating airplane instru- 
mentation to measure 
winds 

page 64 ARC- 12846 

WINGS 

Analyzing transonic flow 
over a wing and fuselage 
page 73 LAR- 14722 

WRENCHES 

Torque-wrench adapter 
for confined spaces 
page 77 KSC-11508 

X 

X RAY TELESCOPES 

Measunng small 
changes in aim of an 
instrument 

page 57 MFS-28663 
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Software License Available 
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Fully Supported with Complete 
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Demonstrations Available @ 
Our Facilities to Qualified Users 
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Databases/ 
Information Searches 


This is what the Federal 
Laboratories Database 

can put at your fingertips: 

• 2,000 Federal Labo- 
ratories, Facilities 
and Centers 

• $70 billion in R&D 

• expertise in 170 
Critical Technologies 

• specialized laboratory 
equipment 

For information on the PC 
($495) and Macintosh ($695) 
versions of the FLD contact 
the: 

Mid-Atlantic 
Technology 
Applications Center 
800 - 257-2725 


Technology Transfer 
Publications 


Are You Serious About 
Technology Transfer? 

If so. you'll profit from Technology Access 
Report, the leading independent, practical 
newsletter in the field. Technology Access 
Report will help you master the process 
and increase your returns from technology 
transfer. You will find licensing and spinoff 
opportunities from universities and federal 
labs, for all industries and technologies. 
Special Offer — order your valuable, 
exclusive Technology Access Re- 
source Kit: 

• Concise, durable annotated directory 
of the key tech transfer resources 

• Current issue of Technology Access 
Report 

• Comprehensive, five-year guide to 
Technology Access Report articles 

• Discount coupon worth $50 towards 
your subscription (regularly $447 for 
12 monthly issues) 

• All for just $9 95 (Amex/MC/Visa. 
cash or check). 

Call 1-800/959-1059, fax 510/549-4342 or 

write to Technology Access Subscriber Ser- 


Professional 

Services 



By Robert M. Sperry, Esq. 

An exciting new book of advice and 
money-saving tips by a noted 
lecturer and patent attorney with 
40+ years experience. 

Send $17.45 to: B&B Enterprises 
Box 8309, Calabasas. CA 91372 


Desk Top Publishing 

Expert in publishing and all types 
of technical writing. Quality ser- 
vice & quick response. Guaran- 
teed satisfaction. P.E., Veteran, 
Ph.D. (408) 436-8696. 


INVENTORS 

If you have an invention for 
sale or license, write for our 
FREE booklet explaining how 
we can help you. Kessler Sales 
Corp Dept. C-76-3 Fremont, 
Ohio 43420 
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Data acquisition hardware and software solutions for IBM PC/XT/AT PS/2 and Micro Channel computers and compatibles. 


N obody puts together your PC- 
based data acquisition systems 
like Keithley. And our new Data 
Acquisition Catalog and Reference 
Guide , with the broadest range of soft- 
ware, PC boards, boxes, and appli- 
cations support, is the only source 
you’ll need in 1993. 

You’ll find software solutions from 
our full-featured VIEWDAC* integrat- 
ed package for non-programmers, to 
our highly acclaimed ASYST* lan- 
guage. Keithley also offers the most 
comprehensive driver support in the 
industry and the most popular third- 
party software packages. 


You’ll find the complete line of 
Keithley MetraByte hardware ranging 
from plug-in boards to complete data 
acquisition instruments and systems. 
The DAS-1600 high-speed analog and 
digital I/O board, our patented Trigger 
Master” system trigger controller, and 
the DAS-58 1 Msps board with 1 
Megaword of on-board memory and 
optional simultaneous sample and hold 
are just a sample of the hundreds of 
products we offer. 

And to help you turn our products 
into data acquisition systems, we’ve 
included application information, 
guidelines for choosing the right solu- 


tion, technical tips, 
world-class support engineers. 

Call for your 
FREE Catalog. 

Make Keithley’s 
Data Acquisition 
Catalog and 
Reference Guide your 
first data acquisition 
1993. Circle the reader 
response number or, for “real-time 
delivery”, call 

800 - 348 - 0033 . 

KnthJry Do Acquisition, MO Myles Stan&h BM.. Twntot. MA 02780 Tel 50^8803000. 
Fn 5088800179. MrtraBvtf. AST'S! and VIEWDAC are n-gnitmij trademarks aid 
TriRgir Master is a tndrauri of Keithley InstniiDents. Inc. Other trademarks ire the 
property of their respective companies. 
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CATALOG AND REFERENCE GUIDE ! 
Call 800-348-0033. 


KEITHLEY 


DATA ACQUISITION 
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More solutions . . . more experience ... in data acquisition and control. 
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The right tool for the j ob. 



Having the right tool, like brake spring pliers 
or an oil filter wrench, can turn a potentially 
frustrating job . . . into one that is manageable 
and enjoyable. If your job is mechanical 
design, then the right tool for the job is Per- 
sonal Designer® software. It provides the right 
combination of CAD capabilities including: 

■ Comprehensive 2-D Drafting/Detailing ■ 
True 3-D Modeling ■ Hidden Line Removal 
Bezier and NURB Surfaces ■ Faceted and 
Smooth Shaded Pictures. 

With Personal Designer software, you’re 
equipped to tackle challenging mechanical 
design problems. Build sizeable models (up to 
64,000 entities) with complete associativity. 
Change the part , and all drawings, dimensions, 
crosshatching, and multiple views update 
automatically. Create drawings to ANSI, 

ISO, and JIS standards. Customize the user 
interface. And exchange data with other 
CAD packages via IGES or DXF.™ 

There’s a lot more. You can fillet, sweep, and 
intersect complex surface geometry, and take 
advantage of software options for project man- 



agement (PDex) and integrated 2 - and 3-axis 
NC programming (Personal Machinist®). To 
further expand your horizons, utilize the hun- 
dreds of available third party offerings. And 
draw on the expertise of Computervision’s 
worldwide network of VARs. 

There’s a direct translator available, too. So, 
should you ever need Computervision’s top- 
of-the-line CADDS® software, you can take 
Personal Designer data bases with you. 

The bottom line: Personal Designer software 
is a smart buy in today’s crowded marketplace. 
It’s available for 386/486 PCs as well as the 
SPARCstation® workstation. And prices for 
2D start at $1,995. 

Get the right tool for the job, from the 
company that pioneered CAD/CAM. 

Computervision Corporation 
Personal CAD/CAM Business Unit 
100 Crosby Drive, Bedford. MA 01730 
Telephone (800) 248-7728 (U.S. except MA) 
(617) 275-1800, ext. 4594 FAX (617) 271-0015 
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Personal Designer 5.0 

Part database courtesy of American Tool and Mold. Inc., St. Joaeph, Ml. 

COMPUTERVISION, the Computervision logo. Personal Designer* Personal Machinist, and CADDS are registered trademarks of Computervision Corporation, a subsidiary of Prime Computer, Inc. 

DXF is a trademark of Autodesk, Inc. SPARCstation is a registered trademark of Sun Microsystems, Inc. 



